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Twenty-three out of 32 national program scientists actively engaged in groundnut improvement in the Southern
Afr ican Development Coordination Conference (SADCC) region participated in the Regional Workshop; Angola
and Zimbabwe were the only countries of the region not represented in person. However, a paper by a groundnut
scientist in Zimbabwe was accepted as presented in his absence. Also participating were groundnut scientists f rom
Kenya, Mauri t ius, Uganda, ICRISAT Center (India), ICRISAT Saheiian Center (Niger), SADCC/ ICRISAT Ground-
nut Project (Malawi) , and ICRISAT's Eastern Afr ica Regional Cereals and Legumes program (Kenya). Papers
reviewed groundnut research on breeding, entomology, agronomy, leaf spot diseases, and cropping systems. The
recommendations of the Workshop's plenary session provide valuable guidelines for regional project activities.
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Opening Session Chairman's Remarks
Our Guest of Honor, Mr Ludovick Rimisho, Deputy Principal Secretary in Ministry of Agriculture and Livestock
Development, Team Leader of the SADCC/ ICRISAT Groundnut Project Dr Schmidt, the Representative of
SACCAR Dr D .M . Wanchinga, participants of the Fourth Regional Groundnut Workshop, ladies and gentlemen:
On behalf of the Commissioner for Research and Training in the Ministry of Agriculture and Livestock
Development ( M A L D ) , I would l ike to welcome you to the Fourth Regional Groundnut Workshop for Southern
Afr ica.
We in the Department of Research and Training of the M A L D , Tanzania, were very pleased to host the
Fourth Regional Groundnut Workshop in Arusha, Tanzania.
We accordingly appointed a local organizing committee to work with the regional scientists to organize the
workshop.
We are happy to see that the workshop has materialized and the family of SADCC-groundnut scientists
together wi th other invited national, international, and regional scientists are meeting here this week.
We believe that through regional and international cooperation and collaboration we can strengthen our
national programs. It is in that spirit that we participate in the various SADCC regional programs, notably the
SADCC/ ICRISAT Sorghum and Mil lets Improvement Program, the SADCC/CIAT Phaseolus Bean Improve-
ment Program, the Grain Legume Improvement Program, in particular the SADCC/ICRISAT Groundnut Project
and the SADCC Regional Gene Bank.
Through these programs we expect to see some impact in our national programs in the areas of manpower
development and training, and varietal improvement through exchange of germplasm.
Our national groundnut research program is probably not as elaborate as we have in some of the other
SADCC countries, e.g., Zambia, Malawi , and Zimbabwe. It is a subprogram of the National Oilseeds Research
Program including sunflower and sesame. We need to develop its ful l complement of research scientists, and we
hope that through our collaborative efforts wi th the regional program we shall be able to do so.
Our guest of honor, before I invite you to off icial ly open the workshop, we shall first receive messages from
the Director General of ICRISAT, through the Team Leader of the SADCC/ ICRISAT Groundnut Project Dr
Schmidt, and from SACCAR by Dr D .M. Wanchinga who is its Manpower and Training Officer. These I believe
wi l l be of interest to all of us.
1. Assistant Commissioner, Research and Training, Ministry of Agriculture and Livestock Development, Government of Tanzania.
F.M. Shao
1
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Welcome from ICRISAT
L.D. Swindale
1
Par t i c ipan ts o f the G r o u n d n u t W o r k s h o p , lad ies a n d g e n t l e m e n :
It is with great pleasure that I welcome you to the Fourth Regional Groundnut Workshop for Southern Afr ica.
ICRISAT is most appreciative of the support it has received from the SADCC countries, and we hope to be able
to respond wi th continued and increased input into the improvement of groundnut production in this region.
The active collaboration that has developed between the groundnut researchers of the SADCC countries over
the past few years is very grati fying.
Today this workshop takes place in Tanzania, and on behalf of ICRISAT, I thank the Government of Tanzania
and the officials who have made this possible. Two previous workshops were held in Malawi and one in
Zimbabwe. Holding such meetings in different countries of the region broadens our knowledge and demonstrates
the type of regional networking we all desire.
Your advice and assistance are crit ical in making the SADCC/ ICRISAT Groundnut Project serve you better.
We hope the deliberations and the recommendations of this Fourth Regional Workshop w i l l lead to further
cooperation and success in helping the groundnut farmers of the SADCC region.
Thank you.
1. Director General, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). (The address was read by Dr G. Schmidt,
Team Leader and Principal Groundnut Agronomist, SADCC/ICRISAT Groundnut Project, on behalf of Dr Swindale.)
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SACCAR Representative's Address
The Honorable Guest of Honor Mr Ludovick Rimisho, the Deputy Principal Secretary, the Chief Agricultural
Research Officer Dr Frank Shao, the Team Leader of SADCC/ ICRISAT Groundnut Project Dr Gerhard Schmidt,
and fel low participants:
It is indeed a great privi lege for me to say a few words, on behalf of the SADCC-member states, and in
particular, on behalf of the Southern Afr ican Centre for Cooperation in Agricultural Research and Training
(SACCAR). SACCAR, as the Honorable Guest of Honor and fel low participants are aware, is the designated
management entity for SADCC regional agricultural research and training programs. These programs are part of
the broader SADCC program of action aimed at enhancing food security in the region.
The Honorable Guest of Honor, exactly 2 years ago, at the Thi rd Regional Groundnut Workshop for Southern
Afr ica, held 13-18 Mar 1988 in L i longwe, Malawi , I was asked to say a few words at the start of the Workshop.
To those of you who were there, I apologize if I sound l ike the k ind of guy who can't say anything new.
However, the fact that I am mentioning them underscores the significance of these elements. Cooperative
agricultural research in SADCC countries started of f on the directive of Heads of State and Government when
SADCC was formally launched on 1 Apr 1980 in Lusaka, Zambia. Agricultural research and training were
among the pr ior i ty sectors identified by SADCC-member States when they established a program of action in the
food, agriculture, and natural resources section.
SACCAR was formed in 1984 as a management entity of collaborative regional agricultural research and
training programs. This function is being carried out on behalf of the Government of Botswana, which was
mandated by other SADCC-member States (at the formation of SADCC) to coordinate agricultural research and
training in the region.
To date there are 16 regional programs which are planned or on-going.
Sir, the Regional Grain Improvement Program is one such program. As a regional program, its conceptual
framework is based on a SADCC Grain Legume Improvement Program Feasibility Study conducted in 1984.
The SADCC Regional Grain Legume Improvement Program is conceived as a 15-year program and has three
projects under it as recommended by the feasibility study, i.e.,
The Bean Improvement Project, which is executed by the Centro Internacional de Agricultura Tropical
(CIAT) , and has its headquarters here in Arusha, Tanzania, with a substation being planned for Malawi ;
The Cowpea Improvement Project, which is to be executed by the International Institute of Tropical Agr icu l -
ture ( I ITA) and is to be based in Mozambique;
The SADCC/ ICRISAT Groundnut Project which is based in Malawi . This Project, together wi th the SADCC/
ICRISAT Sorghum and Mil lets Improvement Program, based in Bulawayo, Zimbabwe, is being executed by
ICRISAT on behalf of SADCC.
ICRISAT, which had already been running a regional groundnut improvement network with the financial
backing of International Development Research Centre ( IDRC), has kindly agreed to continue its activities under
the auspices of SADCC. This phase of the Regional Groundnut Program (the SADCC phase) is now being
funded by the Federal Republic of Germany through the Deutsche Gesellschaft fur Technische Zussamenarbeit
(GTZ) wing. In the mean t ime, we are very grateful to ICRISAT for having been able to sustain this program
from its core funds. We are also very grateful to the Government of Malawi which hosts the Project.
1. Manpower and Training Officer, Southern African Centre for Cooperation in Agricultural Research (SACCAR), Post Bag 00108, Gaborone,
Botswana.
D.M. Wanchinga
1
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With the independence of Namibia, this country w i l l formally be inducted as the 10th member of SADCC
next month. We are hoping that this Project, l ike all others under the SADCC program of action, w i l l extend its
activities to the new member in our SADCC family of countries. We hope that our cooperating partners w i l l see
the need to increase their financial support and goodwi l l in view of this increased responsibility.
Let me repeat once more that SACCAR is committed to the support of its regional programs, such as this one
by solicit ing donor support, by direct support to individual scientists through its travel and small research grant
programs, by facil itating scientific information exchange through workshops, maintenance of databases on
regional agricultural resources, such as those on display here. This support is based on the value these programs
have in the development of germplasm required by our farmers and in the development of the human resource
base to man our agricultural research systems.
However, sir, we at SACCAR stil l have a short wish list:
• We are anxious that the situations in Angola and Mozambique should improve quickly so that these countries
can benefit fu l ly from the SADCC program of action.
• We are anxious that all regional projects should have functional steering and technical advisory panels to
legitimize and systematize the involvement of member States in the management of regional programs.
• We also require that al l projects should sign all the formal memoranda of understanding to facilitate the
movement of equipment, funds, posting of staff, and in establishing a legal basis for the project activities.
• We are hoping to issue identity cards to project staff to facilitate their movement, particularly to ease the
current problems on the requirement of visas.
On behalf of SADCC, and SACCAR in particular, I would l ike to especially welcome Dr Gerhard Schmidt to
the SADCC family and also our colleagues from outside the region who have come to share their experiences
wi th us.
Final ly, sir, I would also l ike to thank the Government of Tanzania for al lowing this Workshop to take place
here under a very congenial scientific environment. Thanks are also due to the management of Mt . Meru Hotel
for providing us wi th the conference facilities.
In the course of our scientific exchanges, I am hoping that new recommendations w i l l be made to enhance the
impact of this Regional Project. As we do so, I hope that we shall also take a crit ical look at the Project's
progress since we last met 2 years ago and also review the progress made on the recommendations made at the
Thi rd Regional Groundnut Workshop for Southern Af r ica.
I look forward to a successful workshop. Thank you.
vi i i
Opening Address
1
M r C h a i r m a n , d i s t i n g u i s h e d guests , l ad ies a n d g e n t l e m e n :
I am greatly honored to be wi th you this morning on this important occasion of the Fourth Regional Groundnut
Workshop for Southern Afr ica.
Indeed, it is a great honor for Tanzania to host this Workshop. First of al l , on behalf of the Government and
the people of the United Republic of Tanzania, I would l ike to take this opportunity to welcome you all to
Tanzania, particularly to Arusha.
It is unfortunate that the venue of this groundnut workshop is away from the major groundnut-growing areas
of the country and you w i l l not be able to see for yourselves the environment under which our farmers grow this
crop. Nevertheless, there are many other attractions in this part of the country, such as the best game parks
known in the world (e.g., Serengeti, Manyara, Ngorongoro) and the highest mountain in Afr ica, Mt . Ki l imanjaro,
perpetually snow-capped. I hope that you w i l l take advantage of being here to see some of these attractions.
Secondly, Mr Chairman, I would l ike to express our sincere thanks to the sponsors and organizers of this
workshop, SADCC/ ICRISAT Groundnut Project, Malawi . The initiative and efforts of the Project have made this
workshop a success.
I understand that the SADCC/ ICRISAT Groundnut Project, in collaboration with national programs, is in the
process of developing a regional research program aimed at benefiting all the groundnut-growing areas of
southern and eastern Afr ica.
In this endeavor, the Project has organized three regional workshops similar to this one within the past 7 
years. The objective of these workshops is to provide an opportunity for SADCC groundnut research scientists to
share effectively and at regular intervals their research experience, to review progress made during the interven-
ing years, and to interact further by jo in t ly discussing problems, possible solutions, and prospects for improve-
ment wi th in the region through cooperative ventures for mutual benefit.
l am told that this workshop brings together participants from Lesotho, Swaziland, Botswana, Zimbabwe,
Zambia, Malawi , Mozambique, Tanzania, and representatives from Maurit ius, Kenya, and Uganda as well as
scientists f rom other parts of the world. I am proud to note that the spirit of regional cooperation embodied by the
SADCC-member states is not mere rhetoric, but is here translated into practical scientific research for the benefit
of the region.
Mr Chairman, I wish to assure you that my Government recognizes the role played by the SADCC/ICRISAT
Groundnut Project in promoting groundnut research in the region, and ful ly supports the cooperation between
national programs fostered by the Project.
However, Mr Chairman, allow me to mention the obvious, that the main actor involved in all this organization
and research efforts is the farmer. A groundnut farmer is, to be specific, a large-scale commercial farmer or a 
small-scale, resource-poor farmer. Therefore, the profitable interactions between the Project and the national
programs and between the national programs themselves wi l l take place only if we know the needs of our
farmers. That is, the resources available to the farmer and their l imitations, the complexity of the problems which
l imi t increased yields and efficiency in the util ization of resources. Careful consideration of all these factors
should form the basis of properly laid out research strategies, for agricultural research takes time and is
expensive.
For historical reasons, it is appropriate that the Fourth Regional Groundnut Workshop for Southern Afr ica is
held in Tanzania. The first concerted efforts to promote large-scale groundnut cultivation in what is now the
SADCC region, started here in Tanzania (then Tanganyika) during the late 1940s when the colonial government
1.
2.
Delivered on behalf of the Minister of Agriculture and Livestock Development S. Wassira.
Deputy Principal Secretary, Ministry of Agriculture and Livestock Development, Tanzania. 
L. Rimisho
2
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embarked upon a large-scale groundnut scheme in southeast and central Tanzania. The original plan was to grow
3.2 mi l l ion acres (1.3 mi l l ion ha) of groundnut estimated to produce 800 000 t of nuts annually. Sadly, because of
the lack of knowledge of the local environment and inadequate research, the scheme failed after an estimated
expenditure of over 36,000,000 pounds sterling in less than 10 years.
It is significant to note that the calamity of the Groundnut Scheme did not deter the small resource-poor
farmer to continue growing groundnuts. Today, central and southeastern Tanzania are sti l l the major groundnut
areas of the country.
Mr Chairman, l have no doubt that the distinguished scientists gathered here today have more knowledge
than myself on the problems l imi t ing production of groundnuts in our region. I believe that problems such as
diseases (e.g., leaf spots, rust, and rosette virus) and drought are common throughout the region. There are also
other problems that are unique to each country.
In Tanzania, 100% of groundnuts are produced by the small-scale, resource-poor farmers. Intercropping is
predominant without the use of mineral ferti l izers and pesticides. Seeds of improved varieties are not available.
The crops are devastated by disease and insect pests. Under such situations, the yields are low. Most of the
improved production packages provided in the past were based on pure stand culture, which may be in conflict
w i th other interests of the farmer.
Mr Chairman, here is a challenge to the scientists. What is required is to understand the philosophy behind
the farmers' production systems and to improve on those systems, without interfering too much wi th the basic
philosophy. In short, the small-scale farmers require specific production packages to suit their needs under their
environment. These packages include varieties adapted to the specific farming systems including intercropping,
and also adapted to very low-input situations. These varieties should be resistant to insect pests and diseases.
This should not be construed to mean that the scientist is forced to research on mediocre production systems, but
far from it; the research scientist must strive to develop production packages that wi l l increase small-scale
farmers' yields per unit area of land. But, these packages must be in concert wi th the resources available to the
farmers and their level of management. This, then, w i l l be appropriate technological innovation for the small-
scale farmer. High-yielding varieties requir ing high inputs are also required to encourage medium- and large-
scale farmers to j o in the groundnut subsector.
However, Mr Chairman, the development of suitable production packages should not be an end in itself.
Scientists and Extension Officers must work closely together to ensure that the farmers adopt the recommended
packages. The concept of the systems approach may be of great advantage.
Mr Chairman, in conclusion, I have no doubt that you and the other scientists present here today w i l l agree
with me that the small-scale farmer is the target beneficiary of research findings today in the SADCC region as
well as in other developing countries. This is because the small-scale farmer is the main producer of food crops
and export crops. For these reasons, I believe that your deliberations this week w i l l focus on the needs of our
small-scale farmers and the opportunities available to improve their lot.
Wi th these remarks Mr Chairman, it is my great pleasure to declare your workshop off icial ly open.
Thank you for your attention.
x
Regional Program
Effect of Timing of Single Applications of Fungicide
on Groundnut Yield
Abstract
Recent research in Zambia has shown that a strategically timed single application of fungicide to 
control early leaf spot (Cercospora arachidicola) in groundnut (Arachis hypogaea L.) has resulted 
in significant yield responses. 
The current recommendation for early leaf spot control in some countries is to make six 
fungicide applications, a practice recently shown to be uneconomic in Malawi. 
Investigations at Chitedze Research Station, Lilongwe, Malawi, into the effect on groundnut 
yield of timing of single applications of fungicide have provided promising results. A single applica-
tion of chlorothalonil made 50-70 days after sowing resulted in significant yield responses in 
Malimba groundnut in the 1987/88 and 1988/89 cropping seasons. A single application made 63 
days after sowing resulted in a significant yield response in the Virginia cultivar ICGV-SM 83708 
(ICGMS 42), in the 1988/89 cropping season. 
Further research on timing of fungicide applications in relation to progress of the epidemic is 
warranted.
1.
2.
Principal Groundnut Breeder, SADCC/ICRISAT Groundnut Project, Chitedze Agricultural Research Station, P.O. Box 1096, Lilongwe,
Malawi.
Team Leader and Principal Groundnut Pathologist at the above address. Present address: P.O. Box 641, Ukunda, Kenya.
ICRlSAT Conference Paper no. CP 621.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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G.L. Hildebrand
1
 and K.R. Bock
2
The susceptible Spanish cult ivar Mal imba was sown
in a tr ial at Chitedze Research Station in 1987/88 to
assess the effect of a single application of chloro-
thalonil on the severity of early leaf spot and on y ie ld.
The design used was a 25 factorial in incomplete
blocks w i th two replications. The fungicide was ap-
pl ied at 36, 50, 64, 78, or 92 DAS.
In 1988/89 the Mal imba factorial tr ial was sown at
two dates to assess the effect of single applications on
crops at different stages of growth dur ing the disease
epidemic.
The fungicide was applied at 36, 50, 64, 78, or 92
mancozeb and benomyl has been shown to be equally
effective and more economical (J. Kannaiyan, Le-
gumes Pathologist, Msekera Regional Research Sta-
t ion, P.O. Box 510089, Chipata, Zambia, personal
communication).
We have investigated responses of two groundnut
cultivars to a factorial combination of up to five appli-
cations of chlorothalonil at varying dates.
Introduction
Early leaf spot (Cercospora arachidicola Hor i ) is the
most important groundnut (Arachis hypogaea L.) dis-
ease in the Southern Af r ican Development Coordina-
t ion Conference (SADCC) region. Epidemics are
consistently severe and, at Chitedze Research Station
in Malawi , yields are reduced by 40 -80%.
Fungicidal control of early leaf spot is very effec-
tive and yields can be increased dramatically by the
use of chemicals. However, most groundnut growers
in the SADCC region are smallholder farmers who
have l imited financial and other resources. The cur-
rent recommendation in some countries of six fun-
gicide applications is very costly and has recently
been shown to be uneconomic in Malawi (Mwenda
and Cusack 1989).
Researchers in Zambia have shown that a single
fungicide application to Virginia cultivars at about 75
days after sowing (DAS) has resulted in economic
control of leaf spot (Kannaiyan et al. 1989).
The fungicide used in these studies was thiopha-
nate methyl + maneb (Labi l i te®), a locally formu-
lated fungic ide, but more recently a mix tu re of
Figure 1. Effect of t iming of single applications of fungicide on seed yield of groundnut cv M a l i m b a , at
Chitedze Agricultural Research Station, M a l a w i , 1987/88.
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Materials and Methods
There were h igh ly s igni f icant y ie ld responses in
1987/88 to single applications of fungicide made at
32, 46, 60, or 74 DAS. The largest response was 273
kg ha - 1 and resulted from an application at 46 DAS
(Fig. 1).
In 1988/89, there were highly significant yield re-
sponses to single applications of fungicide made at
DAS in the early-sown Mal imba, and at 34, 48, 62,
76, or 90 DAS on the late-sown Mal imba.
In a different experiment, we assessed the effects
of single applications of chlorothalonil on the early
leaf spot tolerant Virginia selection, I C G V - S M 83708
( ICGMS 42). Fungicide was applied at 36, 49, 63, 77,
or 93 DAS.
Assessments of early leaf spot severity were made
on all trials at regular intervals throughout the season.
Af ter harvest, measurements were made on y ie ld ,
shelling percentage, and seed size.
Results
36, 64, 78, or 92 DAS on Mal imba sown wi th the f irst
rains. The largest response (122 kg ha-1) was f rom a 
spray at 64 DAS (Fig. 2). Sprays at 64, 78, or 92 DAS
resulted in significant increases in seed size but shell-
ing percentage was not affected.
On late-sown Mal imba, single applications at 48,
62, or 76 DAS resulted in significant y ield responses
(Fig. 3). The largest response (74 kg ha*1) was f rom a 
spray at 62 DAS.
Applications at 62, 76, or 92 DAS increased shell-
ing percentage significantly and sprays at 62 or 76
DAS resulted in significant increases in seed size.
Yie ld of the late-sown Mal imba was considerably
lower than that of the early-sown tr ial (Figs. 2 and 3).
This could be attributed to the effect of later sowing
and to high leaf spot inoculum levels prevail ing at
earlier stages of crop development.
On I C G V - S M 83708 ( ICGMS 42), only the appli-
cation made at 63 DAS resulted in a significant y ield
increase (153 kg ha-1) (Fig. 4). The spray at 92 DAS
resulted in a significant decrease in shelling percent-
age but seed size was not affected by fungic ide
application.
Figure 2. Effect of t iming of single applications of fungicide on seed yield of groundnut cv Ma l imba , at
Chitedze Agricultural Research Station, M a l a w i , 1988/89.
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Figure 3. Effect of t iming of single applications of fungicide on seed yield of groundnut cv M a l i m b a , at
Chitedze Agricultural Research Station, M a l a w i , 1988/89.
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Figure 4. Effect of t iming of single applications of fungicide on seed yield of groundnut I C G V - S M
83708 ( I C G M S 42), at Chitedze Agricultural Research Station, M a l a w i , 1987/88.
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Subrahmanyam: D i d you work out the cost-benefit
ratio?
Hildebrand: The results are only prel iminary. The
cost-benefit ratio was not worked out.
Subrahmanyam: D i d you consider the possibil ity of
using other cost-effective fungicides?
Hildebrand: We w i l l consider this for inclusion in
future trials.
Rao: Do you have data on the relative disease pres-
sures at different sowing times?
Hildebrand: We have collected the data but have not
analyzed it so far. Hopefu l ly the new pathologist
would be able to do it.
Rao: Do you feel that an optimal disease pressure is
a prerequisite for a positive response of the crop to
fungicidal spraying?
Hildebrand: We hope that together wi th Dr Butler,
Principal Microcl imatologist, we w i l l be able to ex-
plore the relationship of yield (and therefore, disease
pressure) and response.
Subrahmanyam: The research on opt imiz ing the
fungicide use in early leaf spot management is fas-
cinating and should be continued. Some of the differ-
ences in yield response between seasons were proba-
bly dependent on the t ime of onset of the disease and
the rate of disease progress.
Hildebrand: Yes, we have sufficient data. It needs to
be evaluated.
Mayeux: Apparently your best results from chloro-
thalonil have been obtained during the drier season of
1988/89. This means that chlorothalonil, being a con-
tact fungicide, was not washed away by rainfall and
was able to protect plants for a longer period. There-
fore, early treatment at 46 DAS was better—but the
peak of the attack should be at about 60 DAS.
Discussion
Discussion
These results support the Zambian findings and indi -
cate considerable promise for y ield improvement at
considerably lower cost than the current recommen-
dation of six applications.
Al though the l imited data presented here suggests
that fungicide applied to Mal imba at 50-70 DAS is
most beneficial, regardless of season or sowing date,
we have not ful ly investigated the differences in the
epidemic progress among seasons, host genotypes,
and sowing dates. Further research is warranted on
t iming of fungicide application in relation to progress
of the epidemic.
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Recent Results with Early-maturing Groundnut
Genotypes
G.L. Hildebrand
1
Abstract
Greater emphasis has recently been placed on the need for groundnut (Arachis hypogaea L.) 
genotypes that are able to give high yields in short growing seasons. In some areas of the Southern 
African Development Coordination Conference (SADCC) region the rainy seasons are short, while 
in some other areas of the region slow growth rates caused by low temperatures require early-
maturing groundnut genotypes. 
Recent evaluation of a group of early-maturing groundnut breeding lines at Chitedze Research 
Station, Lilongwe, Malawi, has shown that there are genotypes available that have the ability to
produce encouraging yields in short seasons and when sown late. 
Use of the concept of thermal time to estimate growing season length for genotypes at Chitedze 
has shown a considerable degree of consistency across seasons. There was, however, a lack of 
consistency in thermal season length among different locations. 
The SADCC/ ICRISAT Groundnut Project recognizes
two major constraints to groundnut (Arachis hypo-
gaea L.) production in the Southern Af r ican Develop-
ment Coordinat ion Conference (SADCC) region.
These are diseases, of which early leaf spot (Cer-
cospora arachidicola Hor i ) is the most serious, and
9
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the lack of suitable genotypes adapted to the many
and varied agroecological requirements of the region.
One such requirement is that of genotypes adapted to
short rainy seasons or areas that frequently experi-
ence drought spells dur ing the growing per iod.
The areas most affected by short seasons are Bot-
swana, southern Mozambique, and southern Tan-
zania, where the rainy seasons are short. Lesotho
experiences a similar constraint in that the season
length of groundnut is extended by low temperatures
which reduce growth rate and delay maturity.
The incorporation of fresh seed dormancy into
early-maturing genotypes would be of great benefit
because of poor and unpredictable rainfal l d istr ibu-
tion in Botswana, w i th rains often fa l l ing at end of the
season when groundnuts are mature.
It has not been possible for the SADCC/ ICRISAT
Groundnut Project to place much emphasis on screen-
ing and breeding for drought resistance, but it has
attempted to evaluate germplasm for early maturity
and to make this material available to national pro-
grams. Promising lines have also been used as parents
in the breeding program.
We have evaluated entries in the Th i rd Interna-
tional Early Groundnut Varietal Tr ia l distributed by
ICRISAT Center and the results of trials conducted at
the Chitedze Research Station are reported in this
paper. We also report our attempts to use temperature
parameters as an index for season length, and to es-
tablish a base-line for season length that can be used
to select, at Chi tedze, ear ly -matur ing germplasm
likely to be adapted to other areas.
The Internat ional Ear ly Groundnut Var iety T r i a l
( I E G V T ) was f i rst conducted at the Chitedze Re-
search Station in the 1987/88 cropping season. On the
basis of the results, it was decided to repeat the tr ial
in the 1988/89 cropping season but at two sowings,
normal and late, and to harvest each tr ial on two
dates, early and normal.
A mean season length for the Spanish cul t ivar
Mal imba was established for Chitedze f rom data re-
corded on groundnut varietal trials conducted f rom
1982/83 to 1987/88 cropping seasons (Table 1). Mean
season length was estimated by t ime (days) and ther-
mal t ime °C day (Ong 1986). A mean value of 1350°C
day was used as a standard for Spanish genotypes and
entries in the first sowing were harvested at 1200°C
days (early) and 1350°C days (normal) to determine
performance under short-season condit ions and to
identify those entries that d id not require extended
season length to realize their fu l l potential.
The second sowing was made to determine the
effect of delayed sowing on these entries and to iden-
t i fy any entries that were relatively insensitive to de-
layed sowing.
Temperature data for the past few seasons have
been assembled for selected locations in the S A D C C
region to estimate respective thermal season lengths.
These locations were selected to cover a wide range
of latitudes and altitudes and represented some of the
areas identified above.
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Table 1. Season length for groundnut cv M a l i m b a at Chitedze, M a l a w i , 1982/83 to 1987/88.
Season
1982/831
1983/84
1984/85
1985/86
1986/87
1987/88
Mean
Sowing date
29 Nov 82
13 Dec 83
16 Nov 84
20 Nov 85
8 Dec 86
7 Dec 87
T ime to
matur i ty
(days)
129
120
116
113
109
108
116
T ime to
matur i ty
(°C day)
1603
1425
1364
1301
1337
1359
1398
1. T r i a l was d r y s o w n ; f i rs t s ign i f icant ra in fe l l on 9 Dec 1982.
Materials and Methods
Results
The f i rst (normal ) sow ing of the I E G V T in the
1988/89 cropping season was harvested on two dates:
the f i rs t , when the crop had accumulated about
1200°C days [at 107 days after sowing (DAS) ] , and
the second at about 1350°C days (117 DAS).
A l l the 23 test entries outyielded the local control
Natal Common, in the early-harvested plots (plant
stand of Natal Common was only 76% of normal).
The highest-yielding entry was I C G V 86061 (Table
2). Natal Common recorded only 59 .2% shel l ing,
whereas 16 test entries recorded more than 65% shell-
ing, and I C G V 86061 more than 7 0 % shell ing.
A l l entries again outyielded Natal Common on
plots harvested after 1350°C days. The highest-yield-
ing entries were I C G V 86061 and I C G V 86105 wi th
yields of 859 kg ha -1, whereas the yield of Natal
Table 2. M e a n seed yields of entries in T h i r d International Ear ly Groundnut Variety T r i a l , Chitedze, M a l a w i , 1988/89.
Identity
I C G V 86038
I C G V 86042
I C G V 86045
I C G V 86053
I C G V 86055
I C G V 86056
I C G V 86060
I C G V 86061
I C G V 86063
I C G V 86066
I C G V 86014
I C G V 86015
I C G V 86081
I C G V 86086
I C G V 86016
I C G V 86017
I C G V 86091
I C G V 86092
I C G V 86094
I C G V 86103
I C G V 86105
I C G V 86112
I C G V 86117
Controls
Chico
Natal Common
SE
Tr ia l mean (25 entries)
C V (%)
Mean seed y ie ld (kg ha - 1)
Season A1
489
595
522
650
674
535
560
704
411
578
466
424
526
529
572
430
545
372
531
500
637
595
415
488
212
±48.5
518
16.9
Season B1
586
762
809
706
786
695
773
871
555
678
732
526
659
698
522
579
777
581
673
639
859
639
538
422
395
±52.4
659
13.8
Season C1
566
461
577
558
616
483
581
687
456
510
553
429
537
555
429
509
493
515
451
465
652
406
447
445
338
±33.3
509
11.3
1. Season A = N o r m a l s o w i n g (7 Dec 1988), ear ly harvest (1200 °C day , 107 days after sow ing ) .
B = N o r m a l s o w i n g (7 Dec 1988), n o r m a l harvest (1350 °C day , 117 days after sow ing ) .
C = Late s o w i n g (6 Jan 1989), ea r l y harvest (1200 °C day , 110 days af ter sow ing ) .
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Common was 395 kg ha -1. Shell ing percentages were
more than 6 8 % in all entries, the highest (74.1%)
recorded by I C G V 86061.
Only one harvest (early) was taken f rom the late-
sown tr ial as all entries approaching maturity had
severe defoliation by early leaf spot. Some entries
were harvested after 97 days when only 1094°C days
had accumulated. In spite of an improved plant stand
in Natal Common, it was outyielded by all other en-
tries. The highest-yielding lines were I C G V 86061
and I C G V 86105. Both recorded seed yields more
than 650 kg ha -1. Shell ing percentage was 7 0 % for
ICGV 86061 and 7 2 % for I C G V 86105. These entries
have shown remarkable y ie ld stability at Chitedze.
Comparison of season lengths for selected loca-
tions (Table 3) indicates a lack of agreement of data
for Sebele (Botswana) and Umbeluzi (Mozambique)
w i th that of Chitedze (Malawi ) and Maseru (Les-
otho), although in terms of days, Sebele, Umbeluzi ,
and Chitedze compare reasonably wel l . H igh thermal
unit values at Sebele could be attributed to high daily
maxima, although the reason for reduced growth rate
is reported to be low daily min ima. At Umbeluzi ,
high thermal unit values are because of the high dai ly
minima recorded. However, season length does not
appear to be reduced accordingly.
These results indicate the availabil i ty of groundnut
genotypes that could be wel l adapted to areas of short
rainfal l duration and also to areas or cropping systems
where sowing of groundnut is delayed until after cash
crops have been sown. Two genotypes in this tr ial
series show particular merit .
Use of the concept of thermal t ime to establish an
index for selection for early maturity seems possible,
but lack of agreement in values among locations de-
serves further investigation. The need to consider dif-
ferent base temperature values in the calculation of
thermal unit values is suggested.
Evaluation of early-maturing germplasm from the
ICRISAT Center Breeding Un i t w i l l continue. We
have selected promising early-maturing lines to in-
clude as parents in crosses and we have also recently
included dormant Spanish germplasm lines in crosses.
There w i l l be a greater need in the future to screen
and evaluate for earliness of growing numbers of ger-
mplasm lines and breeding populations. We look for-
ward to delegating some of this responsibi l i ty to
national programs, which are better located geograph-
ically than our Project, to undertake this work.
Table 3. Season length for spanish groundnut genotypes at four selected S A D C C locations, 1986-89.
Locat ion
Sebele,
Botswana1
Maseru,
Lesotho2
Umbeluzi
Mozambique
Chitedze,
Ma law i
Genotype
Sellie
A l l
entries
Bebiano
Branco
Ma l imba
Season
1986/87
1987/88
1988/89
1987/88
1988/89
1987/88
1988/89(1)
1988/89 (2)
1988/89 (3)
1986/87
1987/88
1988/89
Sowing date
10 Nov 86
30 Nov 87
11 Nov 88
4 Dec 87
18 Dec 88
2 Dec 87
30 A u g 88
31 Oct 88
31 Dec 88
8 Dec 86
7 Dec 87
7 Dec 88
T ime to
harvest
(days)
113
128
124
193
195
131
141
105
110
109
108
121
T ime to
harvest
(°C day)
1914
1973
1736
1437
1287
2292
1932
1577
1725
1337
1359
1403
1. Severe ra in fa l l def ic i ts occu r red at c r i t i ca l stages of g r o w t h in 1986/87 and 1987/88 seasons.
2 . T h e r m a l un i t values est imated f r o m mean m o n t h l y temperatures.
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Discussion and Conclusions
Reference
Discussion
Freire: The use of thermal units for the evaluation is
a good approach to assess groundnut duration. To
make the method of evaluation uni form, the time to
get a certain percentage of mature seeds could be
used instead of the harvest date. In this way, various
SADCC countries could use the same methodology.
Hi ldebrand: Th is is what we are do ing . In the
1989/90 cropping season, we have a l i f t ing date t r ia l ,
where we harvested two varieties on eight dates to
plot trends of y ie ld and seed size to establish optimal
season length.
Busolo-Bulafu: It is true that many countries in A f -
rica experience dry spells of varying lengths dur ing
the growing season, thus affecting the yields of the
groundnut crop. As a result, many breeding programs
have started to breed for resistance to drought per se,
or for earliness, so that the varieties can grow wi th in
the rainfall pattern. What would you consider to be
the lowest acceptable yield expected in these early-
maturing varieties?
Hildebrand: That is a di f f icul t question. We have not
considered the lowest acceptable y ie ld , but I agree
wi th you that there must be a l imi t . This would de-
pend on the part i t ioning of assimilates and on the type
of groundnut the farmer wants to grow.
Mayeux: Which parents are you using for your dor-
mancy breeding program?
Hildebrand: 73 -30 and ICG 944 are being used.
Mayeux: Do you intend to submit your selected lines
to physiological tests?
Hildebrand: We would welcome additional evalua-
tion of our material.
Mayeux: It w i l l be a pleasure to test your new early-
maturing material.
Syamasonta: What are the possibilities of separation
of dormancy f rom early-maturity period?
Hi ldebrand: True Spanish varieties do have dor-
mancy of up to 42 days which is being used in the
hybridizat ion program at Chitedze.
Chigwe: Can some of the variation in t ime to harvest
between Maseru and the other three sites (Table 3) be
attributed to the use of al l entries at Maseru compared
to a single genotype at the other sites?
Hildebrand: No , al l the entries used were harvested
on the same day in both seasons. The differences are
therefore true variations in days to harvest among the
sites.
Ong, C.K. 1986. Agroclimatological factors affecting phe-
nology of groundnut. Pages 115-125 in Agrometeorology of
groundnut. Proceedings of an International Symposium, 2 1 -
26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger.
Patancheru, A.P. 502 324, India: International Crops Re-
search Institute for the Semi-Arid Tropics.
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Special Reports
A Review of Pops' Research in Zambia
M.B. Syamasonta
1
Abstract
Between 1958 and 1978, several experiments were conducted to study the occurrence of 'pops' in 
groundnut (Arachis hypogaea L.) in Zambia. The results have revealed that 'pops' occurs when 
groundnuts are grown on acidic soils (pH below 4.5). Calcium deficiency in the soil was singled out 
as the main cause of 'pops'. High potassium : calcium ratios in the soil were found to raise 
aluminium toxicity and lower the pH value of the soil. Liming significantly raised the soil pH, 
lowered 'pops' percentages, and increased seed yields of groundnuts. Varietal differences in suscep-
tibility to 'pops' were observed. A hybridization program followed by screening for 'pops' tolerance 
is suggested. 
Introduction
Groundnut (Arachis hypogaea L.) is well adapted to
the medium-rainfal l areas of Central Af r ica. It is an
important food legume which grows well on most soil
types but is susceptible to fol iar diseases such as early
leaf spot (Cercospora arachidicola Hor i ) and rosette
virus. The populari ty of groundnut in this region is
wel l demonstrated by the rapid disappearance of
Bambara groundnuts, for many years a dominant crop
in Central Af r ica.
In spite of a h igh-y ie ld ing capacity and good
adaptability, groundnut seed yields are reduced be-
cause of the occurrence of pops (empty pods), caused
by calcium (Ca) deficiency in the soi l , according to
Herbert's report of 1970 (Sarmezey 1978, pp. 3-5) .
The most str ik ing is that 'pops' becomes apparent
only at shelling after an apparently normal growth,
nodulation, and pod setting.
The occurrence of 'pops' in groundnuts was first
observed in 1885 by Jones (Sarmezey 1978, pp. 3-5)
who reported that unless the soil contains a good
percentage of l ime in some form in an available state,
no land w i l l produce a paying crop of pods, although
it may yield large luxuriant vines.
Experiments wi th l im ing (calcareous and dolomi-
1. Groundnut Breeder and Coordinator, Msekera Regional Research Station, P.O. Box 510089, Chipata, Zambia.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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l iequivalent Ca (100 g of soil) -1 are conducive to the
formation of 'pops. ' According to Henrickson (1967),
potassium, magnesium, and boron do not seem to be
important.
Between 1958 and 1964, a series of experiments
was conducted in Zambia, by different agricultural
scientists, to determine the cause of 'pops' in ground-
nuts. The results of these experiments showed highly
significant seed y ie ld increases and low percentages
of 'pops' where l ime was applied. This suggested that
calcium deficiency was the cause of high 'pops' per-
centages and low seed yields in groundnuts (Hoeh-
man 1982). M o r e exper imen ts were conducted
between 1965 and 1970 pr imar i ly to conf i rm the re-
sults of the previous workers and to determine the
role of other elements in the occurrence of 'pops' .
Contrary to Henrickson (1967), Herbert (1970) con-
cluded that calcium was the most important nutrient
for groundnuts, although potassium may also be im-
portant because of its role in potassium:calcium ratios
in certain soils (Table 1).
He further observed that pops occurred when
'here is less than 1.0 mil l iequivalent Ca (100 g of
soil) -1. When Ca falls below this cri t ical level, the
ratio of soil potassium to soil calcium increases to
above 0.2 and 'pops' occur w i th increasing severity.
Further, when the soil pH drops below 4.5, exchange-
able aluminium increases markedly. As a result, any
addition of calcium in the form of gypsum is less
The problem of 'pops' in the high-rainfal l areas of
Zambia, where the heavily leached soils have a pH of
less than 4.5, is far more serious than in the southern
USA (Sarmezey 1978). The phenomenon is not only
confined to Zambia but also occurs in neighboring
countries of Zimbabwe and Ma lawi , although wi th
less frequency and severity. Sellschop in 1960 re-
ported the occurrence of 'pops' in the Rusape area of
Zimbabwe in Virginia types of groundnuts (Sarmezey
1978, pp. 3-5) . In Ma law i , the occurrence of 'pops' is
restricted to the northern region, which has similar
soil conditions to those of the Northern and Nor th-
western Provinces of Zambia (Laurence 1973).
'Pops' are not a seasonal phenomenon, but always
occur in specific areas. Calcium levels below 1.0 m i l -
Table I. Effect of added nutri t ion on seed yield of groundnuts at three locations, Zambia , 1970
1
.
Nutrient
L ime
Gypsum
Sulfur
Nitrogen
Phosphorus
Potassium
SE
Mean
C V (%)
Seed y ie ld (t ha -1)
M isamfu
Wi thout
nutrient
0.886
0.842
0.905
0.896
0.888
0.911
W i t h
nutrient
1.063
1.107
1.044
1.053
1.061
1.038
±0.0196
0.975
11.4
Mansa
Wi thout
nutrient
1.142
1.157
1.208
1.258
1.043
1.315
±0.0518
1.285
22.9
W i t h
nutrient
1.416
1.401
1.350
1.300
1.515
1.315
Copperbelt
Wi thout
nutrient
0.357
0.381
0.386
0.376
0.343
1.243
W i t h
nutrient
0.410
0.386
0.381
0.390
0.424
0.410
±0.0212
0.457
31.4
1. Source: Herber t (1970).
tic) materials and later w i th gypsum (CaSO4 .2H2O)
were initiated by Duggar and Funchess in 1911 in
USA. K i l l inger and others carried out the first experi-
ments f rom 1923 to 1928 w i th gypsum, whi le Brady
and others in 1945 reported varietal differences in the
response of groundnuts to the application of l ime
and gypsum (Sarmezey 1978, pp. 3-5) . The results
of these experiments helped to identi fy the cause
of ' p o p s ' occur rence and var ie ta l va r i a t i on in
groundnuts.
Pops' Research in Zambia
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effective in raising the pH of the soil or lowering the
levels of a luminium as compared wi th the same quan-
tity of calcium added as l ime. This may be because
gypsum is fast reacting and may b ind the aluminium
oxides completely, leaving no free calcium as soil
nutrient. Gypsum was, therefore, found to have nega-
tive effects upon haulm growth and was only recom-
mended for crops grown on soil of already suitable
reaction (Herbert 1970). However, this type of soil
condit ion is not found in areas where 'pops' occur.
Burkhart and Coll ins (1941) suggested that excessive
potassium intake by the growing groundnut fruits in a 
low-calcium medium retards the transportation of cal-
c ium from the plant into the young embryos to such
an extent that these may fai l to develop. Unf i l led infe-
r ior fruits or 'pops' are the consequence. Calcium
nonavailabil ity to the young seed is reported by Be-
ringer and Taha (1976). A much lower calcium con-
tent of the seed compared to that of the shell indicates
that calcium does not move passively along a concen-
tration gradient, and that the seed coat may have a 
regulating function for the calcium supply of the seed.
Beringer and Taha carried out an experiment wi th
nutrient solutions using labelled 4 5Ca and compared
cultivars Maku lu Red and Natal Common. Transloca-
t ion of calc ium f rom the shells to the seeds was
greater in Natal Common than in Maku lu Red. Her-
bert (1970) also reported a varietal difference in sus-
ceptibi l i ty to 'pops ' in groundnuts. He noted that cv
Maku lu Red, a medium- to large-seeded Virginia
bunch type was more susceptible to 'pops' than Natal
Common, the small-seeded Spanish type.
Sarmezey (1978, pp. 3-5) came to the same con-
clusion. He reported a negative correlation of 'pops'
percentage w i th seed y ie ld, whereas the correlation of
'pops' percentage w i th the number of pods plant -1
was either positive or nonsignificant, but never nega-
tive. These relationships conf i rm previous observa-
tions that seed yie ld is reduced when 'pops ' increase,
whereas the number of pods plant -1 increase or re-
mains unchanged (Table 2).
'Pops' may also be caused by unfavorable condi-
tions, such as drought at pod filling. According to
Herbert (1970), the root hairs of the pods are unable
to absorb nutrients f rom the surrounding soil dur ing
dry conditions and 'pops' w i l l occur regardless of the
calcium status of the soi l .
In general, positive responses to l ime application
have been recorded on soils wi th a pH below 4.5.
Economic assessment of the use of l ime and/or gyp-
sum has not been made. Prel iminary results of the
long-term l ime trials indicate a necessity of l ime ap-
plication to acid soi l , unless acid-tolerant groundnut
cultivars are readily available. However, l ime is not
easily available and is costly in regions of the country
where it is most needed. Most Zambian subsistence
Table 2. Relationship of 'pops' incidence wi th yield components of groundnut at selected locations, Zambia , 1973-77
1
.
Locat ion
Mufu l i ra
Luapula
Misamfu
Mwin i l unga
Year
1973
1974
1975
1976
1977
1974
1975
1976
1977
1977
1977
Relationship
w i th seed
yie ld
(r)
- 0 . 7 6 * *
-0.212
- 0 . 6 4 * *
0.282
- 0 . 8 4 * *
0 . 3 1 *
-0 .34*
-0 .33*
- 0 . 5 8 * *
- 0 . 9 2 * *
- 0 . 6 7 * *
Relationship
w i th number o f
pods per plant
(r)
0 . 2 1 *
0.062
-
0.132
0 . 6 3 * *
0 . 7 1 * *
-
0 .35*
0.46*
-
0.082
'Pops ' incidence (%)
Tr ia l
mean
27.2
29.3
50.8
11.2
29.7
30.9
47.6
50.5
31.0
24.8
46.7
Maku lu
Red
56.5
50.2
82.4
35.6
75.5
56.0
87.0
81.2
67.5
79.3
79.7
1. Source: Sarmezey (1978, p. 29 ) .
2 . NS = N o t s ign i f icant .
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farmers expect dramatic y ie ld responses to applied
nutrients that do not necessarily apply to calcium ap-
plications. Since groundnuts are grown main ly by
subsistence farmers whose emphasis is on the produc-
tion of staple food (maize) rather than cash crops,
l iming appears an unnecessary expenditure.
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Discussion
Wanchinga: What is the involvement of the Interna-
tional Institute of Tropical Agr icul ture ( I ITA) in solv-
ing the acidic soil problem in Zambia?
Syamasonta: I am not aware of the extent of I I TA ' s
involvement at a national level.
Wanchinga: Is there a relationship between acidity
and calcium deficiency?
Syamasonta: Yes.
Wanchinga: Are there any crops affected by acidity
in Zambia?
Syamasonta: Yes. Maize.
Shongwe: In Table 1, l would l ike to make a correc-
tion on the solubi l i ty of gypsum. This material is
soluble in the soil solution and thus calcium becomes
available to plants. Therefore, the decreased yields at
the Copperbelt site cannot be attributed to calcium
deficiency. Therefore, it is possible that the decreases
in groundnut yields at this site are because of possible
a lumin ium toxic i ty and/or phosphorus deficiency.
The addition of gypsum results in the replacement of
A 1 + + + from the exchange complex by Ca + + , thus in-
creasing the concentration of A 1 + + + in the soil solu-
t ion. A1+ + + may affect groundnut growth d i rect ly
through its toxic effect and indirect ly through the fix-
ation of phosphorus.
Syamasonta: Being a plant breeder, I would accept
the correction and comments by the soil scientist in
good faith. I would l ike to add also that the Ca:K ratio
seems to have some effect on groundnut yields not-
withstanding the possible interactions between p H ,
aluminium and phosphorus.
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filling by lime and gypsum, application to some soils in
Northern Malawi. Experimental Agriculture 9:353-360.
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1929 Series. Research Memorandum no. 22 (1971-77). Cop-
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Zambia. Mufulira, Zambia: Research Branch, Department
of Agriculture, Ministry of Lands and Agriculture. (Limited
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Conclusions
In view of the diff icult ies involved in l im ing ground-
nut fields, the best way of overcoming the 'pops'
problem seems to be the development of acid-tolerant
groundnut cu l t ivars . Screening of new groundnut
l ines for acid tolerance has ident i f ied useful ge-
notypes. A deliberate hybridizat ion program should
be initiated to create progenies from which acid toler-
ance may be effected. It should therefore be possible
to make progress using cult ivars such as Natal Com-
mon, Makulu Brown, and Copperbelt Runner as par-
ents. Breeding w i l l undoubtedly need considerable
t ime, and financial and human resources, but it could
be a more effective and cheaper solution than l iming.
Mkhabela: Is the SE in Table 1 the SE of the mean
or the mean differences?
Syamasonta: It is the standard error of the mean
differences.
Ker: Have local sources of phosphate rock been
tested on the acid soils in Zambia, and have the eco-
nomics of phosphate rock and l ime been examined?
Syamasonta: L i t t l e testing of phosphate rock or
analysis of the economics of application of phosphate
rock or l ime has been carr ied out.
Ndunguru: Results f rom work carried out elsewhere
indicate that rock phosphates in their natural forms
take longer before one gets any response. But when
partial ly acidulated, as is done by the International
Fert i l izer Development Center ( IFDC) , then yields
obtained are the same as wi th SSP. Perhaps the Zam-
bian group could l ink up w i th IFDC and the Sokoine
University studies, supported by International Devel-
opment Research Centre ( IDRC) , to jo in t ly look fur-
ther into this problem.
Musanya: Loca l people in acid-prone areas grow
groundnuts only after they have cut down some tree
branches and burned them (Chitemene system). The
process seems to overcome the effects of soil acidity.
D i d the early researchers find out how this process
overcomes the effects of soil acidity on groundnuts?
Syamasonta: Yes, the farmers do not bu rn the
branches but their order of crops is mil let and cas-
sava; then groundnuts may fo l low in the second sea-
son. McPhi l ips d id some work on the topic but no
concrete results were obtained.
Chigwe: There is some useful information presented
in this paper especially on the nutri t ional aspects un-
derl ining 'pops' in groundnuts.
Doto: In your conclusions, you advocate hybridiza-
t ion as one possible alternative to deal w i th the 'pops'
problem. Do you have information related to the ge-
netic control for the 'pop ' character.
Syamasonta: No .
Rweyemamu: You mentioned that more than 9 0 % of
the groundnut crop in Zambia is grown by peasants.
You further noted that these peasants regard maize as
a major or main crop. Thus, to advise these peasants
to apply l ime to the groundnut crop (which is re-
garded as a minor crop) is not acceptable by many
peasants in Zambia. Have you tr ied to advise the
farmers to intercrop the maize crops wi th groundnut
so that application of l ime to the maize fields could
also help reduce 'pops' formation in groundnuts?
Syamasonta: Intercropping trials have been con-
ducted to assess the benefits in groundnut production.
However, this cannot be encouraged under large or
commercial groundnut production. A lso, one should
remember that whenever an innovation is taken to the
farmers, a scientist should not try to change every-
thing the peasants have been practising.
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Regional Screening for Late Leaf Spot and Rust
Resistance of Groundnut in Swaziland
Y.P. Rao
1
Abstract
Swaziland has been charged with the task of screening groundnut (Arachis hypogaea L.) germplasm 
for resistance to late leaf spot (Phaeoisariopsis personata) and rust (Puccinia arachidis) for the 
Southern African Development Coordination Conference (SADCC) region. The germplasm was 
sown in January 1990. According to preliminary assessments, the two diseases did not appear in the 
germplasm screening plot though some germplasm was affected by bacterial wilt (Pseudomonas
solanacearum).
Introduction
Two diseases of groundnut (Arachis hypogaea L.)—
late leaf spot [Phaeoisariopsis personata (Berk. & 
Curt.) v. A rx ] and rust (Puccinia arachidis Speg.)—
have become endemic and occur annually in epi-
phytotic proportions in Swaziland. Participants of the
Second Southern Af r ican Development Coordination
Conference ( S A D C C ) Groundnut Breeders ' and
Agronomists' Meeting held in 1989 at L i longwe, Ma l -
a w i , therefore recommended that Swaz i land be
charged by the SADCC/ ICRISAT Groundnut Project
wi th the task of screening germplasm for resistance to
these diseases, for the benefit of the SADCC region.
Accordingly, about 75 late leaf spot and rust resi-
stant germplasm lines were received from ICRISAT
Center (India) and the SADCC/ ICRISAT Groundnut
Project (Malawi) . Since the germplasm arrived late, it
was not possible to sow it at the normal sowing time
(October/November). However, the sowing was de-
layed to mid-January 1990.
The test lines were sown in double rows, each 4-m
long, at an interrow spacing of 45 cm and an intrarow
spacing of 10 cm. A spreader row of Natal Common,
1. Professor, Crop Production Department, Faculty of Agriculture, University of Swaziland, P.O. Luyengo, Swaziland.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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Experimental Methods
one of the most susceptible cultivars to late leaf spot
and rust diseases, was sown after each test line. Com-
pound N:P:K fert i l izer 2:3:2(22) was applied at 300
kg ha-1 at sowing. The plot was weeded twice. The
ICRISAT 1-9 scale was used for scoring each ger-
mplasm line against rust and late leaf spot at different
stages of crop development.
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Both diseases had already affected the early-sown
Regional Y ie ld Tr ia ls, especially the Spanish t r ia l , in
severe proportions. The diseases had not appeared in
the germplasm screening plot. However, bacterial
w i l t (Pseudomonas solanacearum E.F. Smith) was
noticed in the plot at about 4 weeks after seedling
emergence. Several lines were found severely at-
tacked by the disease, resulting in a heavy loss of
plant stand.
The screening nursery is otherwise progressing
well and results w i l l be reported in due course.
Progress
Breeding
Groundnut Research in Swaziland:
1988/89 Cropping Season
Abstract
Groundnut (Arachis hypogaea L.) yield trials, involving 25 Spanish and Virginia entries each, were 
conducted during the 1988/89 cropping season. Significant differences (P<0.05) were observed 
among entries in seed yield, shelling percentage, 100-seed mass, and disease reaction. Seed yields 
ranged from 316 kg ha
-1
 to 896 kg ha
-1
 for the Spanish type, and from 482 kg ha
-1
 to 1158 kg ha
-1
 for 
the Virginia type. Some entries, especially the large-podded ones, were found to have poor pod 
filling and shrivelled seed. As expected, late leaf spot (Phaeoisariopsis personata) and rust (Puccinia
arachidis) were the most prevalent diseases. Spanish entries differed with regard to late leaf spot 
incidence while Virginia entries differed with regard to rust. By their yield performance and 
reaction to diseases, four Spanish entries lCGV-SMs 85001, 85053, 86014, and 86053, and four 
Virginia entries ICGM 336 and ICGV-SMs 85751, 85764, and 86761 were identified as the most 
promising lines. These entries have been selected for evaluation in the National Groundnut Yield 
Trial, 1989/90. 
1.
2.
Professor, Crop Production Department, Faculty of Agriculture, University of Swaziland, P.O. Luyengo, Swaziland.
Lecturer at the above address.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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Introduction
Groundnut (Arachis hypogaea L.) p roduct ion in
Swaziland is l imi ted to small-scale farmers in the
Swazi National Land (SNL) areas. Groundnuts are
seldom grown as a sole crop but rather in association
wi th other crops, pr incipal ly maize.
Groundnut production occupies only 2% of the
cult ivable land in Swaziland. The national average
yield for the crop is disappointingly low. A diagnostic
survey of the Cropping System Project revealed that
lack of improved varieties, poor quality seed, low soil
p H , disease and pest incidence, and lack of marketing
opportunities are important constraints to groundnut
production in Swaziland.
Unt i l recently, very l i t t le attention was paid to
groundnut research. Through the assistance of the
SADCC/ ICRISAT Groundnut Project in Ma lawi , im-
proved groundnut germplasm has been introduced
and tested local ly for y ie ld and tolerance of pests and
diseases. The germplasm is screened at the Univer-
sity farm at Luyengo Campus and at Malkerns Re-
search Station. Groundnut genotypes found to possess
good y ie ld and tolerance of pest and diseases are
selected and inc luded in the Nat ional Groundnut
Y i e l d Tr ia ls . These mul t i locat ional tr ials are con-
ducted in areas representing the four agroecological
regions of the country. Thir ty-one SADCC/ ICRISAT
groundnut genotypes have been entered into the Na-
tional Y ie ld Tr ia ls , and the SADCC/ ICRISAT Re-
gional Y ie ld Tr ia ls continue to be a major source of
germplasm for the national program.
We report here the results of two regional ground-
nut y ie ld trials conducted dur ing the 1988/89 crop-
ping season at Luyengo Campus.
Significant differences (P<0.05) among entries were
recorded in both trials for seed y ie ld , shell ing per-
centage, 100-seed mass, late leaf spot, and rust inci-
dence (Tables 1 and 2). Fi f teen Spanish and 14
Virginia entries outyielded their respective controls.
As in previous seasons, late leaf spot and rust have
been the dominant diseases. Average late leaf spot
score in the Spanish tr ial was 7, and for rust the aver-
age score was 1, whi le in the Virginia tr ial the score
for late leaf spot was 5 and for rust 7. It appears that
the Spanish type groundnuts have a higher degree of
tolerance of rust than of late leaf spot. Only four
entries were satisfactory for both high-yield potential
and disease tolerance in each t r ia l . The Spanish cul t i -
vars I C G V - S M s 85001, 85053, 86014, and 86053
showed most promise for disease tolerance, whi le
I C G M 336 and ICGV-SMs 85751, 85764, and 86761
showed most promise among the Virginia varieties.
These have been selected for further evaluation in the
National Groundnut Y ie ld Tr ia l in 1989/90.
In addition to severe disease incidence and dry
spells experienced dur ing the season, a further poten-
tial production problem is the frequently observed
poor pod fil l ing and shrivel ing of seeds. This may be
due to nutri t ional imbalance.
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Materials and Methods
The trials were conducted dur ing the 1988/89 crop-
ping season ( N o v - A p r ) on the Crop Production Re-
search farm (altitude 900 m above sea level, annual
rainfal l 980 mm) at Luyengo Campus of the Univer-
sity of Swaziland. The mean temperatures are 26°C
maximum and 15°C m in imum, and soils are of fer-
r isol ic type. These soils are characterized by high
iron and a lumin ium oxide contents. They contain
about 2% organic matter. The pH (KC l ) of the soil
was 4.9.
One tr ial consisting of 25 entries of Spanish, and
another of 25 Virginia type groundnuts were sown
between 14 and 18 Nov 1988. The design used was a 5 
Future Research
The search w i l l continue for superior genotypes pos-
sessing high-yield potential and tolerance of late leaf
spot and rust. Since drought appears to be increas-
ingly frequent in certain areas, more emphasis is in -
tended to be placed on screening and selection for
drought tolerance. More detailed studies are needed
on agronomic practices, including t ime of sowing,
x 5 lattice w i th four replications. Each plot consisted
of four rows 6-m long and spaced 60 cm apart. Seeds
were spaced 10 cm apart for the tr ial of Spanish types
and 15 cm for that of Virginia types. A basal applica-
tion of phosphate (30 kg ha-1) was applied at sowing.
Management practices included at least three hand
weedings. No chemicals were applied for control of
diseases and insect pests. The harvested area consis-
ted of the two center rows of each plot, and seed y ie ld ,
shelling percentage, 100-seed mass, late leaf spot, and
rust incidence (using the ICRISAT 1-9 scale) were
measured.
Results and Discussion
spacing, fert i l izer application rates, and mixed crop-
p ing. Poor pod f i l l i ng especially in large-podded
genotypes also warrants detailed investigation. Rapid
evaluation of promising genotypes in national y ie ld
and on-farm trials for suitabil i ty for release, is an
important object ive of the groundnut improvement
program.
the Crop Production Department for a l lowing us to
use Department facil i t ies, and special thanks to E.
Zikalala for typing the manuscript.
Acknowledgment
We are sincerely grateful to E. D lamin i for his assis-
tance wi th field operations. Thanks go to the Head of
Discussion
Sibuga: At Morogoro (Tanzania), we have observed
what appears to be bacterial wi l t . However, we also
have a problem wi th ants and termites, and in most
cases, we associated the w i l t ing to these insects rather
than bacterial w i l t . Do you have any suggestions or
short-term measures to contain this disease? What
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Table 1. Performance of 25 Spanish type groundnut entries in the S A D C C Regional Yield T r i a l , Luyengo Campus,
Swaziland, 1988/89
1
.
Entry
I C G V - S M 85001
I C G V - S M 83011
I C G V - S M 85038
I C G V - S M 85045
I C G V - S M 83005
I C G V - S M 86053
I C G V - S M 86014
I C G V - S M 86080
I C G V - S M 83031
I C G V - S M 85053
I C G V - S M 87009
I C G V - S M 86077
I C G V - S M 87003
I C G V - S M 86070
Natal Common
I C G M 721
I C G V - S M 86043
I C G M 473
I C G V - S M 850.11
I C G M 522
I C G V - S M 86039
I C G V - S M 86079
I C G V - S M 86062
Controls
Ma l imba
Sellie
SE
Tr ia l mean
C V ( % )
Seed y ie ld
(kg ha - 1)
896
830
820
750
732
708
699
687
652
654
627
578
513
510
509
502
486
482
476
449
448
386
316
400
465
±77.5
583
26.6
Shel l ing
(%)
65.0
72.4
67.4
71.1
70.6
66.5
66.8
69.8
69.2
63.4
74.5
66.8
74.0
75.4
75.3
77.4
77.0
75.3
76.0
73.0
69.8
71.5
74.5
71.4
76.3
±2.2
71.6
6.3
100-seed
mass(g)
47.5
49.5
58.0
44.5
50.3
47.8
50.8
44.3
41.9
58.5
43.3
41.5
38.3
36.5
34.0
33.0
38.3
32.0
35.0
34.3
42.8
37.3
34.0
35.8
33.8
±1.7
42.0
8.5
L L S
score2
7.0
8.1
9.0
8.8
8.8
7.2
7.2
8.7
8.7
7.5
8.0
8.7
9.0
8.7
9.0
8.7
9.0
9.0
8.9
9.0
9.0
9.0
8.9
8.8
8.5
±0.17
8.5
3.9
Rust
score2
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
-
1.0
-
1. T i m e to matu r i t y was 132 days fo r a l l ent r ies.
2. F ie ld disease scored on a 1-9 scale, whe re 1 = No disease, and 9 = 5 0 - 1 0 0 % fo l iage destroyed.
Table 2. Performance of 25 Virginia type groundnut entries in the S A D C C Regional Yield T r i a l , Luyengo Campus,
Swazi land, 1988/89.
Entry
I C G V - S M 83708
I C G V - S M 86708
I C G V - S M 86720
I C G V - S M 86725
I C G V - S M 85764
I C G V - S M 86704
I C G V - S M 86719
I C G M 336
I C G V - S M 85718
I C G V - S M 86734
I C G V - S M 87707
I C G V - S M 86760
I C G V - S M 86715
I C G V - S M 86737
I C G V - S M 85726
I C G M 749
I C G V - S M 86761
I C G V - S M 85752
I C G V - S M 86722
I C G V - S M 85751
I C G V - S M 86703
I C G V - S M 85727
I C G V - S M 85753
Controls
Egret
M a n i Pintar
SE
Tr ia l mean
C V ( % )
Seed
yie ld
(t ha - 1)
1.158
1.122
1.065
0.994
0.991
0.997
0.946
0.889
0.880
0.850
0.822
0.812
0.790
0.774
0.719
0.717
0.663
0.577
0.557
0.549
0.532
0.510
0.482
0.611
0.736
±0.0645
0.789
16.4
Shel l ing
(%)
73.3
73.1
77.5
75.3
72.9
76.6
71.3
72.1
75.1
70.9
72.3
67.0
69.3
68.1
67.4
65.4
67.1
60.1
58.1
57.5
60.9
69.0
59.3
68.9
67.6
±1.82
68.7
5.3
100-seed
mass (g)
63.0
79.8
55.0
59.8
66.3
59.8
56.3
46.5
65.5
48.5
53.8
45.0
59.0
50.0
44.5
45.5
48.5
43.8
38.5
51.0
50.3
46.3
40.0
54.0
52.8
±2.85
52.9
10.9
T i m e to
matur i ty
(days)
150
150
149
150
149
150
150
151
155
167
125
169
189
150
173
150
150
167
172
172
157
168
172
148
149
±2.8
159
3.5
Late leaf
spot
score1
5.5
7.9
8.7
8.2
6.7
9.0
6.9
5.5
7.8
5.8
6.6
5.5
5.1
5.2
8.0
5.9
5.0
7.6
7.4
4.2
6.9
7.3
7.6
5.7
5.5
±0.33
6.5
10.2
Rust
score1
7.7
6.8
6.1
7.0
9.0
7.4
7.6
7.4
7.3
7.9
6.1
7.7
1.7
7.5
1.7
7.3
7.4
2.4
2.6
6.8
7.7
1.7
2.3
7.7
7.5
±0.5
6.1
17.0
1. F ie ld disease scored on a 1-9 scale, where 1 = No disease, and 9 = 5 0 - 1 0 0 % fo l iage dest royed.
should be the strategy, on a regional basis, towards
solving this problem? I would l ike to draw the atten-
tion of entomologists on the issue of ants that are
proving to be a serious problem, at least in our station
at Sokoine Un ivers i ty of Agr i cu l tu re , Morogoro ,
Tanzania.
Rao: Screening for resistance to the disease can be of
help. If material is made available, the f i rst step
would be to screen for tolerance of bacterial w i l t in
different locations of the region.
Busolo-Bulafu: A l though Dr. Rao has said that he is
not aware of any report on bacterial w i l t f rom the
other countries, we actually have been work ing on the
disease since 1973. Resistance does exist and even
some crosses were made. This work is now being
handled by a colleague.
Rao: We would appreciate i f your colleague f rom
Uganda could arrange to make some of that material
available to us. This wou ld also enhance regional
cooperation on the disease.
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Subrahmanyam: There are sources of resistance to
bacterial w i l t available and development of h igh-
yie ld ing breeding lines wi th resistance to bacterial
w i l t is underway in many countries in Asia (e.g., the
People's Republic of China, Indonesia, etc.)
Ismael: You mentioned that you have extensive can-
opy development in Swaziland. I have observed in
Mauri t ius that when you have this extensive canopy
development it is often associated wi th fewer number
of pods. Have you observed this?
Rao: Yes.
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Evaluation of Advanced Groundnut Genotypes
at Morogoro, Tanzania
Abstract
Fifteen advanced breeding lines and varieties of groundnut (Arachis hypogaea L.) were evaluated in
a yield trial during the 1989 cropping season at the Sokoine University of Agriculture, Morogoro, 
Tanzania. Seed yield ranged from 1.23 t h a
- 1
 (for the line 1/24) to 0.88 t h a
- 1
 (for the line 1/4). 
Control cv Nyota (Spancross) yielded 0.95 tha-
1
 and control cv Natal Common yielded 0.94 tha
-1
.
Genotypes 2/91, 1/24, 1/69, 2/114, Baka, and AH 139 outyielded the two controls. 
Nodule dry mass plant
1
, root dry mass plant
-1
, nodules plant
-1
, pod mass m
-2
, shelling percent-
age, and 100-seed mass correlated with most of the yield differences between genotypes. Nodule dry 
mass plant
-1
, nodules plant
-1
, root dry mass plant
1
, and seed yield were all positively correlated. 
Introduction
The main objectives of groundnut (Arachis hypogaea 
L.) research at the Sokoine University of Agr icul ture
(SUA) , Morogoro, are to develop improved genotypes
for y ie ld, resistance to diseases and insect pests, and
nodulation (Reuben et al. 1985; Doto and Reuben
1986; Sibuga et al. 1989).
L i t t le work had been done on groundnut improve-
ment before the project was initiated in December
1.
2.
Lecturer in Plant Breeding, Department of Crop Science and Production, Sokoine University of Agriculture, P.O. Box 300S, Morogoro,
Tanzania.
B.Sc. (Agriculture) Crop Science Option student, 1989 batch, at the above address.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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Table 1. Performance of 15 groundnut genotypes at Sokoine University of Agriculture, Morogoro, Tanzania , 1989.
Genotype
2/91
1/24
1/80
1/4
1/69
2/114
Spathoma
Tamnut 74
Baka
Jonca
A H 139
Bebiano
Encarnado
PI 315608
Controls
Nyota
(Spancross)
Natal
Common
SE
Mean
C V ( % )
Nodules
plant -1
107.15
106.60
100.60
101.45
109.00
112.25
102.30
101.10
109.85
99.65
105.65
107.15
105.80
97.60
103.27
± 3.33
104.63
6.4
a-d 1
a-d
b-d
a-d
a-c
a
a-d
a-d
ab
b-d
a-d
a-d
a-d
d
a-d
Nodules
dry mass
plant -1
(g)
0.36
0.44
0.20
0.25
0.38
0.38
0.28
0.26
0.36
0.30
0.26
0.43
0.39
0.23
0.32
±0.03
0.32
21.0
a-e
a
h
f -h
a-d
a-d
e-h
f-h
a-e
c-g
f-h
ab
a-c
f-h
c-f
Root d ry
mass
plant -1
(g)
1.18
1.21
0.74
0.78
1.07
1.29
1.06
0.88
1.27
0.97
1.04
1.28
1.23
0.87
1.22
±0.07
1.07
13.4
a-g
a-f
1
j-1
a-h
a
a-i
h-1
a-c
g-k
c-j
ab
a-d
h-1
a-e
T i m e to
9 5 %
matur i ty
(days)
91.50
89.75
91.00
91.00
93.25
90.00
92.00
91.00
90.50
91.00
93.75
88.75
89.75
90.75
89.00
±0.37
90.87
1.3
cd
f - i
c-e
c-e
ab
e-h
bc
c-e
d-g
c-e
a
i
f - i
d - f
h i
Plants
m-2
15.40
15.50
16.25
15.10
18.40
15.45
18.00
17.25
14.62
15.00
16.23
15.27
15.55
16.50
16.20
±0.72
16.05
8.9
cd
cd
a-d
cd
a
cd
ab
a-c
d
cd
a-d
cd
cd
a-d
a-c
Begs
p l a n t 1
35.85
40.15
38.50
35.70
32.40
44.55
42.12
40.35
42.05
43.67
39.20
42.80
38.50
40.65
43.10
±1.60
39.97
8.0
g-i
a-i
b-k
g-1
1
a
a-e
a-h
a-f
ab
a-j
a-d
b-k
a-g
a-c
Pods
plant -1
24.86
20.97
23.70
20.87
22.37
29.11
22.30
22.15
20.87
22.0
25.18
19.65
23.73
20.75
23.65
±1.65
22.81
14.4
b
b
b
b
b
a
b
b
b
b
ab
b
b
b
b
Pod
mass
m-2 (g)
156.94
171.20
143.74
136.59
169.25
153.78
136.37
137.39
164.76
136.73
147.94
146.38
151.96
141.60
147.96
± 3.10
149.51
4.2
cd
a
f - i
i
ab
de
i
i
a-d
i
d-h
e-i
d- f
g-i
d-g
Shel l ing
(%)
60.65
55.60
54.80
53.60
57.63
57.02
58.21
57.33
56.10
57.20
62.37
54.73
55.73
55.10
53.10
±1.33
56.66
4.7
ab
cd
cd
d
b-d
b-d
bc
b-d
cd
b-d
a
cd
cd
cd
cd
1 0 0 -
seed
mass
(g)
33.47
33.63
31.92
31.15
33.61
33.08
29.41
28.48
33.35
32.06
30.47
28.63
35.20
32.77
30.04
±0.94
31.82
5.9
a-d
ab
b-i
b-j
a-c
a-f
h-j
j
a-e
b-h
c-j
j
a
a-g
f- j
Seed
y ie ld
(t ha - 1 )
1.193 a-c
1.231 a 
0.960 g-k
0.879 k 
1.204 ab
1.082 d - f
0.982 gh
0.972 g- j
1.114 b-e
0.961 g-k
1.158 a-d
0.975 g- i
1.036 f -g
0.951 g-k
0.945 h-k
±2.63
1.045
5.0
1. Values f o l l o w e d by the same letter w i t h i n the same c o l u m n do not d i f f e r s ign i f i can t l y (P < 0 .05 ) , acco rd ing to Duncan ' s M u l t i p l e Range Test.
1980. A germplasm collection was made from the
major groundnut-growing areas in Tanzania and in-
t roduct ions f rom elsewhere were also made to
broaden the genetic base. The value of local ground-
nut germplasm in the search for improved types was
realized at the onset of the project. Local varieties,
in t roduct ions, and breed ing l ines der ived f rom
crosses have been evaluated since 1982. Segregating
populations are grown twice each year to hasten gen-
eration advance and selections are made using the
pedigree method.
Promising genotypes, consistently superior to the
controls over several locations and seasons, were re-
evaluated at Morogoro dur ing the 1989 main rainy
season. The objective was to identify entries for on-
farm and national yield trials before recommendation
for release.
Seed yields ranged from 1.23 t ha -1 for line 1/24 to
0.88 t ha - 1 for l ine 1/4 (Table 1). Lines 2/91, 1/24, 1/69,
2/114, Baka, and AH 139 outyielded the two controls
Nyota (Spancross) and Natal Common. L ine 1/4 gave
the lowest y ield though not significantly lower than
the controls.
Nodule and root dry matter, nodule number, pod
mass, shelling percentage, and 100-seed mass were
positively correlated wi th yields and there were sig-
nificant varietal effects on these variables (Tables 1 
and 2). Varietal differences applied also to time to
9 5 % matur i ty , plant stand, pegs plant -1 , and pods
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Results and Discussion
Fifteen entries were included in a yield tr ial grown
under rainfed condit ions dur ing the 1989 (March-
July) cropping season at SUA (575 m above sea level,
6° 5' 20" S and 37° 39' 20" E). The design used was a 
randomized complete block design wi th four replica-
tions. Plots consisted of four rows spaced 50 cm apart
and 5 m long. Seed was spaced 10 cm apart in the
row.
The trial was sown on 31 Mar 1989. Phosphorus
(50 kg P2O5 ha
-1), in the form of triple super phos-
phate (TSP), was applied before sowing and the crop
was topdressed wi th sulfate of ammonia (20 kg N 
ha-1) 15 days after sowing. Data analyses (ANOVA
and corre lat ion) were carr ied out using the pro-
cedures suggested by Snedecor and Cochran (1980).
Materials and Methods
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Discussion
Shongwe: Please comment on the apparent assump-
t ion you made that the groundnut breeding lines you
evaluated have similar nutr i t ional requirements and
thus the comparisons made among them.
Reuben: I d id not definitely say that the lines have
similar nutr i t ional requirements, only that it is a gen-
eral recommendation. It is important that in the fu -
ture, we identify those few elite lines and establish
specif ic recommendat ions for specif ic genotypes.
This practice is, however, rare."
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Conclusion
Lines 2/91, 1/24, 1/69, 2/114, Baka, and AH 139 could
be further tested in on-farm and national trials before
being recommended for release.
plant -1 but no relation between these characteristics
and yields could be established. These results support
those of Reddi et al . (1986), Doto and Reuben (1987),
and Sibuga et al . (1989), Who also observed positive
correlations between 100-seed mass and y ie ld and be-
tween shell ing percentage and yield.
It was interesting to note that nodules plant -1,
nodule dry mass, and root dry mass were also signif i-
cantly and posit ively associated wi th y ie ld. Consid-
eration should be given to the use of such variables as
select ion indices in our g roundnut improvement
program.
On-farm Verification of Three New Groundnut Varieties
in Zambia
Abstract
Yields of three new groundnut (Arachis hypogaea L.) varieties—MGS 2, MGS 3, and MGS 4 
(1CGV-SM 83708 or ICGMS 42)—were evaluated in on-farm trials in the Eastern Province, 
Zambia, during the 1987/88 and 1988/89 cropping seasons. In the first season, MGS 2 gave higher 
yields than the control cv Chalimbana in all locations and MGS 4 (lCGV-SM 83708) gave yields on 
par when compared with the control Makulu Red. In the second season, MGS 3 was found superior 
in yield to MGS 2. In this season, MGS 4 (ICGV-SM 83708) gave higher yields when compared to 
Makulu Red. Partial budgeting and marginal analysis showed that the adoption of variety MGS 2 
was economically beneficial compared with cv Chalimbana. 
Introduction
Lancon et al. (1989) have documented the importance
of on-farm research in the verif ication of the value of
any new variety or technology. Evaluations, taking
into account the farmers' growing seasons, attitudes,
constraints, and related socioeconomic factors, sup-
ported by agronomic interpretation along w i th eco-
nomic analysis, help in f o rmu la t i ng technology
recommendations appropriate to small-scale farmers
( C l M M Y T 1988).
In Zambia, groundnut (Arachis hypogaea L.) is
largely grown by small-scale farmers. The groundnut
improvement program has identified in research sta-
tion trials promising new varieties of good yield po-
tential. In this paper, the results of on-farm testing and
verif ication of three of these varieties are discussed.
1. Food Legume Agronomist, Msekera Regional Research Station, P.O. Box 510089, Chipata, Zambia.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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In the 1987/88 cropping season, 15 representative
small-scale farmers were chosen in five districts of
the Eastern Province. In the fo l low ing season, 12
farmers were selected in four districts. In each dis-
trict, three experimental sites were chosen. In the first
season, four groundnut variet ies were compared.
These were two new varieties MGS 2 and MGS 4 
( I C G V - S M 83708 or ICGMS 42) and the two previ -
ously released varieties, Chal imbana and M a k u l u
Red. In the second season, Chalimbana was replaced
by MGS 3.
The design used was complete randomized-block
design wi th two replications. Sowing was done bet-
ween mid-November and early December on ridges at
75 cm x 10 cm spacing. No fert i l izer was applied as
groundnut usually fol lows a fert i l ized maize crop in
the recommendation domain (group of farmers).
Each plot consisted of five rows, 10 m long. The
gross plot area amounted to 37.5 m 2 . A l l cultural
operations were carr ied out by field workers f rom the
research station. Border effects were eliminated by
excluding f rom yield determinations two border rows
plot - 1 as well as two plants on either side of each row.
Data collected included numbers of plants at harvest
and of pods p lant 1 , pod and seed yields, and 100-seed
mass. However, only seed yields are presented in this
paper. Individual site and combined analysis across
locations were conducted. Partial budgeting and mar-
ginal analysis were used to determine the economics
of adoption of the variety MGS 2 in comparison wi th
Chalimbana.
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Table 1. Performance of groundnut entries in on- farm variety verification trials at five locations in the Eastern Province,
Zambia , 1987/88 and 1988/89.
Variety
1987/88
M G S 2 
Control
Chal imbana
Increase over control (%)
M G S 4 
( I C G V - S M 83708)
Control
Maku lu Red
Increase over control (%)
SE
C V (%)
1988/89
M G S 3 
Control
M G S 2 
Increase over control (%)
M G S 4 
( I C G V - S M 83708)
Control
Maku lu Red
Increase over control (%)
SE
C V (%)
Locat ion and seed y ie ld (kg ha -1)
Chipata south
567
507
12
976
993
- 2
1055
965
9.3
947
580
63
Chipata north
752
467
61
993
1020
- 3
899
538
67
757
712
6
Katete
637
405
57
688
691
0
626
509
23
592
598
- 1
Chadiza
667
475
40
746
728
2
522
426
23
439
377
16
Lundazi
604
354
71
668
688
- 3
-
-
-
-
-
-
Mean
(kg ha - 1)
646
441
48
807
824
- 1
± 5 0
27
776
609
31
684
567
21
±75
30
Materials and Methods
Results References
In the 1987/88 cropping season, seed yield of MGS 2 
(Table 1) was higher than that of the control cv
Chalimbana across all locations. MGS 4 ( I C G V - S M
83708) and Makulu Red had comparable yields. In
the 1988/89 cropping season MGS 3 gave superior
y ie lds than M G S 2. On the other hand, M G S 4 
( I C G V - S M 83708) was superior to Makulu Red at
Chipata South only. A combined analysis across loca-
tions d id not show any significant interaction between
genotypes and experimental sites.
Partial budgeting (Table 2) indicated that for each
Zambian Kwacha (ZK , U.S.$1=15 Z K ) invested in the
adoption of the new variety MGS 2 over Chalimbana,
a farmer would have gained 5.5 Z K . The net benefit
would thus have amounted to 4.50 Z K .
According to the results, variety MGS 2 is superior to
cv Cha l imbana and should be recommended to
farmers.
On the other hand, the erratic performance of
MGS 4 across five locations may indicate that this
variety is suitable for certain locations only. The in-
formation gained from this experiment w i l l assist in
further improvements in the planning and conduct of
such verif ication trials.
C I M M Y T (Centra Internacional de Mejoramiento de Maiz
y Trigo). 1988. From agronomic data to farmer recommen-
dations: An economics training manual. Completely revised
edition. 06600 Mexico, D.F.: CIMMYT. 84 pp.
Lancon, J., Chanselme, J.L., and Klassou, C. 1989. Rep-
resentativeness of varietal trials carried out under con-
trolled, semi-real and real conditions in the North Cameroon
Cotton Zone. Coton et Fibres Tropicales 44:118-125.
Chigwe: Would you really evaluate marginal return
without considering variable costs apart f rom cost of
seed?
Kanenga: No , other costs need to be considered, but
in my study I was only considering the comparative
advantage of growing the new variety and the o ld one.
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Table 2. Part ial budget: net benefits and marginal rate of return by the adoption of a new technology for two groundnut
varieties, Zambia
1
.
Yie ld cost, benefits
Average yield (kg ha -1)
Adjusted yield (kg ha -1) ( 1 0 % less)
Gross f ield benefits2 ( Z K ha - 1)
Cost of seed3 ( Z K ha - 1)
Net benefit ( Z K ha -1)
Marginal analysis ( Z K )
Marginal rate of return
Chal imbana
441
397
3970
2100
1870
2365 (difference between
the two net benefits)
525 (dif ference in
variable costs)
=
M G S 2 
646
581
5810
1575
4235
1 . As suggested by C I M M Y T (1988).
2. Income at f a r m pr ice of 10 ZK kg - 1 . 
3. Seed costs at 21 ZK kg - 1 fo r Cha l imbana (100 kg ha - 1) and M G S 2 (75 kg ha - 1 )
Discussion and Conclusions
Discussion
525
2365 x 100%
4 5 0 %
Groundnut Breeding Program in Malawi
H.K. Mande
1
Abstract
The importance of groundnut (Arachis hypogaea L.) to Malawi, the research achievements of the 
Malawi national breeding program, and the progress made in breeding confectionery groundnut 
lines by the national program during the 1988/89 cropping season are outlined. The problems 
associated with developing confectionery varieties and the future strategies of national research 
programs are also discussed. 
Introduction
Groundnut (Arachis hypogaea L.) is an important
crop as it is a major source of fat and protein. Ground-
nuts arc also a source of edible vegetable o i l , and
groundnut haulms are uti l ized as livestock feed.
In the smallholder sector, groundnut is the second
most important crop after maize, and provides a sup-
plementary source of income for most smallholders.
Groundnuts improve soil fert i l i ty and increase yield
of other fo l lowing crops, such as maize. Groundnut
also contributes significantly to export earnings in
Ma law i , and ranks fourth after tobacco, tea, and
sugar.
The main objective of the groundnut improvement
program in Malawi is to increase the y ie ld and quality
of groundnut. The development of stable high-yield-
ing varieties for both confectionery and oil-extraction
purposes is a pr ior i ty objective. This objective is
achieved through a mult idiscipl inary team compris-
ing a breeder, a pathologist, and an agronomist.
Past achievements by the national breeding pro-
gram include development of rosette resistant and
confectionery varieties. RG 1, a rosette-resistant cul t i -
var, was selected from a cross between Maku lu Red
( fema le paren t ) and 4 8 - 1 4 (source o f rosette
resistance).
Chitembana, a large-seeded, alternately branched
runner, originated f rom a cross between RJ 15 and
Chalimbana, a large-seeded variety on which Ma l -
awi 's confectionery market is based. One defect of
Chalimbana is that its seeds are not symmetrical, be-
1. Groundnut Breeder, Chitedze Agricultural Research Station, P.O. Box 158, Lilongwe, Malawi.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa. 19-23 Mar 1990, Arusha. Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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cause the pods are relatively unconstricted, result ing
in flat faces at one end. Therefore, Chitembana was
developed to improve on this defect of Chalimbana.
Confectionery varieties f rom various breeding pro-
grams were evaluated for confectionery purposes in
trials in 1987/88 and 1988/89 cropping seasons.
Thir ty- four entries were compared w i th Chal im-
bana and Chitembana in a 6 x 6 balanced lattice de-
sign. Results of the 1988/89 tr ia l are presented in
Table 1.
The overall performance of these lines was en-
couraging (Table 1). In particular, I C G M S 42, B80/1,
D58/1 , B910/1/2, D27/3, and B80/3/2 had high yields
and good shell ing percentages.
Many problems have been encountered in the devel-
opment of confectionery varieties. One of these is
market f luctuations. Ma lawi ' s groundnut export mar-
ket has been based on the Chalimbana and Chitem-
bana g roundnu t var ie t ies . However , because of
inconsistent supply f rom Ma law i , there has been a 
significant swing to the American runner varieties
w i th seed count per ounce (1 g = 0.03527 ounces) of
4 0 - 5 0 seed ounce -1. Most processors in Europe are
now geared to process these small-seeded American
runner varieties and there is a reduced demand for
l a r g e - s e e d e d C h a l i m b a n a a n d C h i t e m b a n a
groundnuts.
Another problem is that of o i l stability in some
varieties. The oleic/l inoieic acid ratio is an indicator
of o i l stabil ity (shelf l i fe) in groundnuts. The m in i -
mum ratio requirement sought by KP Foods L imi ted ,
Chesterton Road, Eastwood Trad ing Estate, Ro-
therham, UK (the major buyer of Malawi confection-
e ry g roundnu t s ) , i s 1.6:1. M o s t o f the M a l a w i
confectionery varieties, such as Mal imba and JL 24,
possess an O/L ratio below the m in imum ratio re-
quired by the trade but in some varieties, such as
C h a l i m b a n a and Ch i t embana , the O / L ra t io i s
acceptable.
Table 1. Performance of 36 confectionery type groundnut
genotypes, Chiledze, M a l a w i , 1988/89.
Entry
I C G M 42
E267/3
B80/1
B910/1/2
B80/3/2
C851/7
E685/1/2
C 100/3/2
C100/3/1/1
B434/1
D58/1
D27/3
B201/3
E267/11
B487/3/2
E685/3/1
E685/1
D636/3
B80/2
D196/1/1/2
B80/3
D 196/3/1
E685/2
C763
C2/2/2
C100/3/1/2
D341/1
C763/1/1
E267/2
D261/2
D657/2/2
B201/1
D636/2
B624/1
Controls
Chal imbana
Chitembana
SE
Tr ia l mean
(36 entries)
C V (%)
Pod
yie ld
(t ha-1)
1.913
1.858
1.825
1.788
1.781
1.745
1.738
1.717
1.698
1.686
1.635
1.592
1.542
1.526
1.524
1.520
1.488
1.486
1.459
1.446
1.428
1.423
1.395
1.378
1.355
1.323
1.317
1.311
1.294
1.285
1.203
1.123
1.062
0.870
0.947
0.941
±0.0874
1.462
12.0
Seed
yie ld
(t ha - 1)
1.447
1.261
1.297
1.221
1.208
1.154
1.195
1.127
1.073
1.147
1.161
1.141
1.077
0.992
1.039
1.024
1.053
1.017
1.007
0.991
0.981
0.987
0.947
0.865
0.940
0.871
0.907
0.764
0.880
0.876
0.769
0.708
0.703
0.570
0.626
0.622
±0.0587
0.990
11.9
Shel l-
ing
(%)
76
68
71
68
68
66
69
65
63
68
71
72
70
65
68
67
71
68
69
69
69
69
68
63
69
69
69
58
68
68
64
63
66
66
66
66
±1.6
66
4.8
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Breeding for Confectionery
Quality
Problems Associated with
Development of Confectionery
Varieties
Aflatoxin contamination is another problem asso-
ciated w i th confectionery variety development work.
This problem is well appreciated worldwide but con-
trol measures are lagging behind.
High levels of aflatoxin in groundnut have high
health implications for both humans and livestock.
Dietary intake of aflatoxin through groundnuts has
been implicated in the development of l iver cancer in
various parts of A f r ica and chi ldhood cirrhosis in
India.
dard are exported. It is widely known that large quan-
tities of groundnuts are consumed in various forms
with in the country but there are no efforts to m in i -
mize the health implications arising f rom consump-
tion of aflatoxin-contaminated groundnuts.
Factors that predispose groundnut to af latoxin
contamination in the field and after harvest are wel l
known and it is the aim of this research to identify
cultural practices that can ensure the prevention of
aflatoxin contamination of groundnut. In addit ion, ge-
notypes have been identified at ICRISAT Center ( In -
dia), wi th stable resistance to aflatoxin contamination.
Therefore, this program w i l l also aim at transferring
this resistance into new groundnut cult ivars.
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The final quality of edible groundnut is assessed pr in-
cipally by the quality of the processed seed and by the
chemical composit ion of the o i l , protein, and car-
bohydrate fractions of the seed.
The oleic/l inoleic (O/L) acid ratio is an indicator
of o i l stability (shelf l i fe) in groundnuts. The m in i -
mum O/L acid rat io requirements sought by KP
Foods L imi ted, U K , which is the major buyer of Ma l -
awi confectionery nuts is 1.6:1.
JL 24 is an Indian cult ivar introduced in Malawi in
1982 by the SADCC/ ICRISAT Groundnut Project. It
is a high-yielding, early-maturing variety suitable for
the Lower Shire Valley of Malawi . In several repl i -
cated experiments conducted in the Lower Shire Val-
ley during five seasons (1983/84 through 1988/89), cv
JL 24 averaged 4 7 % higher yield than cv Mal imba,
the recommended variety for the area. L ike Mal imba,
JL 24 has an O/L ratio below the min imum ratio
required by the trade.
This program w i l l aim to incorporate improved
shelf l ife in JL 24 whi le maintaining its high yield
potential.
Future Research
Since the objective of the groundnut improvement
program in Malawi is to improve the quantity and
quality of groundnut we intend to pursue three re-
search programs, which have been submitted to the
Rockefeller Foundation for funding support. These
are as fol lows:
Diversification of Malawi's export
confectionery nuts research program
The significant swings in market trends suggest that
the research program should diversify to the Amer i -
can runner type varieties wi th smaller seed. This d i -
versification w i l l ensure that Malawi maintains its
product ion of the large-seeded groundnut varieties
whi le increasing its production of small-seeded run-
ners and other varieties.
In addit ion to enhancing the production of Amer i -
can runner varieties, the program w i l l work towards
enhancing research and development of in-shell nuts
and red-skin nuts, which are also in great demand in
the confectionery export nut market. The red-skin
varieties favored are A C G 1 f rom the Malawi Na-
tional Groundnut Improvement Program and ICGV-
SM 83708 ( ICGMS 42) f rom the SADCC/ ICRISAT
Groundnut Project.
Research program on aflatoxin
contamination of groundnut
In Ma law i , moni tor ing of aflatoxin contamination is
done for export groundnut at the groundnut factory in
Liwonde run by the Agricul tural Development and
Market ing Corporation ( A D M A R C ) and only those
consignments that pass the min imum acceptable stan-
Program to improve the oleic/linoleic
acid ratio in the JL 24 groundnut
variety
Discussion
Ismael: You said that you w i l l be breeding for higher
O/L ratio. How heritable is the O/L ratio?
Hildebrand: We do not have sufficient data available
but it is fair ly heritable.
Syamasonta: The yields of Chalimbana and Chitem-
bana don' t seem to di f fer signif icantly. Are you inter-
ested only in seed uni formity in Chitembana?
Mande: At this particular site and season, the var i -
eties seem to be the same, but overall results have
shown that Chitembana yields better than Chalimbana
and has added advantage of seed uni formity.
Chigwe: From your work , have you found any close
relationship between seed size, shell ing percentage,
and yield among the genotypes tested?
Mande: The closest relationship is between shell ing
percentage and seed y ie ld. The higher the shell ing
percentage, the higher the y ie ld of seed. Seed y ie ld,
however, depends on the number of pods plant -1, pod
filling, and may also be affected by seed size, if pod
filling is poor.
Ndunguru: In West A f r i ca there has been a decline
in exports of even small-seeded cult ivars. In your
diversif ication strategy, wou ld it not have been useful
in diversi fy ing uses of the varieties produced rather
than completely rely on an external market that ex-
porters cannot control?
Mande: This diversif ication has been taken in an or-
derly step-by-step fashion. It w i l l ensure that Ma law i
maintains its production in the large-seeded ground-
nut varieties, whi le at the same t ime increasing its
production in small-seeded runners and other var i -
eties. Therefore, in a way, we are satisfying the exter-
nal market whi le at the same t ime we are satisfying
the local uses of the varieties produced.
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A Path Coefficient Analysis of Phenotypie Correlations
of Yield Components in Advanced Groundnut
Breeding Lines in Tanzania
Abstract
A path coefficient analysis revealed that time to 95% maturity, pod mass m
-2
, and nodule dry mass 
had large direct effects on groundnut (Arachis hypogaea L.) seed yield directly, in that order. 
However, shelling percentage and JOO-seed mass had large negative direct effects on yield. These 
results show the importance of compensatory effects and the overall relationships between the 
variables measured and yield. 
The indirect effect of shelling percentage on yield through time to maturity modified the negative 
independent effect of shelling percentage on yield to a significant positive relationship, while the 
indirect effects of 100-seed mass on yield through pod mass m
2
 and nodule dry mass plant
1
compensated for the negative direct effect of 100-seed mass resulting in a significant positive 
relationship. On the other hand, the large direct effect of time to maturity on yield was modified to a 
nonsignificant relationship by the indirect effects through shelling percentage and nodule dry mass 
plant
-1
.
lt is suggested that provision for adequate moisture during nodule development could improve 
the relationship between time to maturity and seed yield. 
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mento foi compensado para uma relacao nao significativa, pelos efeitos indirectos atraviz da 
percentagem de descasque e da massa de nddulos secos planta
-1
.
Foi sugerido que a provisdo duma humidade adequada durante o desenvolvimento dos nddulos, 
pode melhorar a relacao entre o tempo para a maturacao e o rendimento de graos. 
Introduction
The task of developing higher-y ie ld ing groundnut
(Arachis hypogaea L.) genotypes by the judic ious
combination of lines selected for their independent
yield component superiorities is made considerably
less rewarding by the almost universal occurrence of
yield component compensation (Adams 1967). Y ie ld
is the result of combined effect of several quantitative
characters. In a system of variable interrelations, the
indirect associations and hence compensation effects
become more complex and important. It is important
to investigate the cause of these compensatory mech-
anisms to formulate breeding strategies to eliminate
adverse relationships. The independent (direct) con-
tributions of the components upon yield can then be
used to greater benefit. It is, therefore, desirable to
have numerical estimates of the independent contr i -
bution of each component to yield and to understand
how the components interact in compensatory pat-
terns dur ing development.
Al though the study of the associations between
pairs of different characters and yie ld provides a basis
for further breeding plans, the correlation study docs
not reveal the direct and indirect contributions of in-
dividual characters to y ie ld. Thus, to have a clearer
picture of the y ie ld components for an effective selec-
t ion program, it is desirable to consider the relative
importance of the various characters through direct
and indirect effects contr ibut ing to the observed cor-
relation. Path coefficient analysis (Wr ight 1921) has
been found useful in establishing direct and indirect
causes of associations and allows a detailed examina-
tion of the specific forces acting to produce a given
correlation and a measure of the relative importance
of each causal factor. It also provides information
about the dependence of y ie ld on correlated charac-
ters and helps in the formulat ion of selection indices.
Results (Fig. 1 and Table 1) indicate that nodule dry
mass plant -1, t ime to 95% maturity (days), and pod
mass m-2 had large positive direct effects on seed
yield. On the other hand, shelling percentage and 100-
seed mass had large negative independent influences
on yield.
Pod mass m-2 was highly and significantly (P < 
0.01) correlated (r = 0.87) wi th seed yield. This was
due predominantly to its high positive direct effect
(1.22) on seed yield.
The moderate but positive and significant (P < 
0.05) correlation (r = 0.57) between nodule dry mass
plant-1 and yield was due mainly to its large positive
direct influence (1.075) on y ie ld. However, this effect
was reduced to a moderate correlation by the negative
indirect effects of time to 95% maturity (-0.636) and
100-seed mass (-0.228). The former was because of
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Materials and Methods
The data were collected from an advanced y ie ld tr ial
conducted at Sokoine University of Agr icul ture, M o -
rogoro, Tanzania, dur ing the 1989 cropping season
(Reuben and Mrema 1990).
Statistical analyses were based on plot means of
the variables shown in Table 1. The importance of
each causal factor was determined by path analysis of
phenotypic correlations, each involv ing nine variable
models for seed y ie ld , according to Wr ight (1921) and
as revised by Dewey and Lu (1959). The matrix pro-
cedure of the statistical analysis system (Barr et al.
1976) was used to solve the simultaneous equations
(Appendix 1) involved in the calculation of path coef-
ficients. A generalized path diagram for the seed yield
model is given in Figure 1. The dependent variable is
designated as trait number 9. Traits 1 through 8 for
each model are identified in Figure 1.
In the path diagram, the r i j 's are the correlation
coefficients between ith and j t h trait and the P i 9 's are
the direct effects of the i th trait on trait number 9 as
shown. The indirect effect of one variable upon an-
other was measured by the appropriate r i j P i 9 compo-
nent. The X variable represents all residual factors
affecting trait number 9 which are not accounted for
by the variables used in the model.
Results and Discussion
the negative association (-0.40) between nodule dry
mass and time to 95% maturity (days) and a large
direct effect (1.590) of t ime to 9 5 % maturity on y ie ld.
T ime to 95% maturity (days) was not significantly
related (r = 0.34) wi th yield. However, its direct con-
tr ibution to yield (1.590) was large and positive. This
relationship was influenced by the cumulative nega-
tive indirect effects on yield of t ime to 9 0 % maturity
through nodule dry mass plant-1 (-0.430) and through
shell ing percentage (-0.464). The relationship bet-
ween maturity and yield was influenced by the nega-
tive relationship (-0.40) between nodule dry mass
plant-1 and time to 95% maturity, and the positive
direct effect (1.075) of nodule dry mass plant"1 on
yield. Simi lar ly, the negative indirect effect through
shelling percentage was attributed to the highly sig-
nificant (P < 0.01) positive relationship (r = 0.72)
between days to 95% maturity and shelling percent-
age and a relatively high negative direct contribution
(-0.644) of shelling percentage on yield.
Shell ing percentage was moderately but signif i-
cantly (P < 0.05) correlated (r = 0.57) w i th y ield. This
was because of its large indirect effect (1.145) on
yield through time to 95% maturity and relatively
large negative direct effect (-0.644) of shelling per-
centage on yield. The large indirect effect was attrib-
uted to the highly positive direct effect (1.590) of t ime
to 95% maturity on yield whi le the correlation (r = 
0.72) between shelling percentage and t ime to 95%
matur i ty was posit ive and h ighly signif icant (P < 
0.01).
The relationship (r = 0.52) between 100-seed mass
and yield was positive and moderately significant (P
< 0.05). However, its direct effect (-0.672) on yield
was relatively large and negative. The combined posi-
tive indirect contributions to yield through pod mass
n r 2 (-0.756) and through nodule dry mass plant -1
(0.365) greatly compensated the negative direct effect
result ing in the moderately positive correlation bet-
ween 100-seed mass and yield. The large positive
indirect effect through pod mass m-2 was attributed to
the large and positive direct contribution (1.220) of
pod mass on yield while a significant (P < 0.05) posi-
tive correlation (r = 0.62) existed between 100-seed
mass and pod mass m-2.
Summary and Conclusions
Path analysis suggests the importance of time to 95%
maturi ty, pod mass m -2, and nodule dry mass, in that
order, in influencing seed yield directly.
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(1) N o d u l e
d r y mass
p l a n t - - 1
(2) T i m e to
m a t u r i t y
(days)
(3) Plants m - 2
(4) Pegs p lan t - 1
(5) Pods
plant - 1
(6) Pod
mass m-2
(7) Shel l ing
percentage
(8) 100-seed
mass
(x) residual
Figure 1. A path diagram and coefficients of factors, P IJ , influencing seed yield in the groundnut lines. Double arrows indicate the mutual association
between variables, r i j and x (residual).
Y i e l d
(9)
The importance of compensation mechanisms in
the final relationship of the components wi th yield
was revealed. Certain compensatory effects through
indirect effects improved the relationships between
some variables and seed yield. For instance:
A. The indirect effect of shelling percentage on yield
through t ime to 95% maturity compensated for
the negative independent effect of shelling per-
centage on y i e l d to a s i g n i f i c a n t p o s i t i v e
relationship.
B. The indirect effects of 100-seed mass on y ie ld
through pod weight m -2 and nodule dry mass
plant-2 compensated for the negative direct effect
of 100-seed mass to a s i gn i f i can t pos i t i ve
relationship.
On the other hand, some of the compensating
mechanisms jeopardized the relationships between
the components and yield. For example, although the
independent effect of t ime to 95% maturity on y ie ld
was relatively large, the negative indirect effects
through shel l ing percentage and nodule dry mass
p lan t 1 reduced this effect to a nonsignificant relation-
ship. The negative indirect effect of nodule dry mass
p lan t 1 could be offset by improving the relationship
between nodule dry mass and time to 95% maturity to
a positive value. This could be achieved by providing
adequate soil moisture dur ing nodule development as
this was cer ta in ly adversely affected by the low
(378.5 mm) and poorly distributed rainfall dur ing the
cropping season.
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+ 2 P 6 9 r 6 8 P 8 9
+ 2 P 7 9 r 7 8 P 8 9 .
Discussion
Subrahmanyam: What is the range of genotypes
employed in your path coefficient analysis? Does this
range cover all botanical types? Does it cover a wide
spectrum of maturity groups? Is it not important to
include a wide diversity of genotypes in a study l ike
this?
Reuben: Yes, I agree. We need to include a wide
range of genotypes in a study l ike this.
Sibuga: Somewhere in your conclusions you suggest
that to offset the negative indirect effect of nodule dry
mass plant -1, one would have to ensure adequate soil
moisture dur ing the period of nodule development.
How can you ensure the supply of adequate moisture
when you are depending on rainfal l , the intensity and
distr ibution of which are not easy to predict?
Reuben: I agree entirely that our economic and c l i -
matic conditions w i l l not easily al low availabil i ty of
moisture dur ing that cr i t ical per iod of development.
But, at least, we have identified a problem through
path analysis. How we can solve it, is another matter.
Could we apply deliberate irr igat ion using the most
economical way, i.e., just what the plant needs at that
time? Another way is to sow earlier so that the cr i t ical
stage of growth (i.e, nodule development) could co in-
cide wi th the per iod of high rainfal l . But this needs to
be done only after making sowing-date experiments
at that location.
Schmidt: I was impressed by the indication of a d i -
rect effect of root nodule mass (dif f icult to assess) on
grain y ie ld (easy to measure). Do you not think this is
more an indirect effect: improvement of N-availabi l-
ity leading to increased vegetative growth and leaf
area thereby influencing grain yields?
Reuben: Root nodule mass had a direct effect on
grain y ie ld but may have had other effects as wel l . We
could include only eight variables but we would have
l iked to include more.
Mayeux: Your work must have required much t ime
to compute the data, but because we know groundnut
must be harvested at the r ight t ime, do you think it
w i l l be also interesting to know the relationship bet-
ween y ie ld and other components such as evapo-
transpiration, root system development, leaf area, and
other vegetative developments, etc.? Can this be con-
sidered to help scientists select varieties for specific
environmental conditions?
Reuben: Yes, I agree. In future we are going to in -
clude al l vegetative components.
Doto: In the past, path analysis has been avoided
because of the complex statist ical operations i n -
volved. Do you now have a computer program that
makes the operation simple? If so, what is the name
of that program?
Reuben: Without a computer faci l i ty, we could not
have easily undertaken this type of analysis. The
methodology employed was that of Barr et al . (1976).
A well-tai lored program was not available.
Ismael: You mentioned the use of path analysis to
help breeders in their selection. You d id not analyse
the correlation of canopy development w i th y ie ld. Do
you intend to include this in future analysis?
Reuben: In future we w i l l try to include other factors
affecting yield.
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Performance of Recently Released Commercial Groundnut
Cultivars in Tanzania
Abstract
Groundnuts (Arachis hypogaea L.) are grown in most parts of Tanzania by small-scale farmers. 
Local groundnut cultivars, together with the cultivars Red Mwitunde and Natal Common, have been 
released to farmers from the late 1940s up to the present phase of groundnut improvement in the 
country. Recently two varieties were released to farmers: Nyota (Spancross), a short-season, 
Spanish type; and Johari (Robut 33-1), a medium-maturity, Virginia type. A combined analysis over 
five locations, representing the major groundnut-growing agroecological zones and a range of 
different management regimes, indicates that Nyota is still superior in yield while both Nyota and 
Johari are relatively more stable than most other varieties tested. However, they are very susceptible 
to major diseases, especially leaf spots. 
Introduction
Groundnut (Arachis hypogea L.) is one of the major
grain legume crops in Tanzania. It is grown by small-
scale farmers in most parts of the country where it is
an important component crop in tradit ional mixed
cropping systems. In most parts of the country, local
cultivars belonging to all three botanical groups are
commonly grown (Mwenda 1987). Two addit ional
cultivars released in the late 1940s are also grown by
farmers in some parts of the country. Red Mwi tunde,
a long-season type of the Virginia group, is widely
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grown in southeastern Tanzania whi le Natal Com-
mon, a short-season type of the Spanish group, is
grown mainly in the central and western Tanzania.
Breeding work, which started in 1978, has resulted in
the identification and recommendation to farmers of
two new varieties: Nyota (Spancross) released in
1983, and Johari (Robut 33-1) released in 1985.
Nyota is a short-season Spanish variety (90-100
days) and Johari is a medium-duration variety (100-
120 days). This paper reports the performance of
these two cult ivars in trials conducted at various loca-
tions and in many seasons since their release.
Yield Performance
In advanced varietal tr ials, 12 elite varieties including
the 2 recommended varieties were tested at more than
20 locations in the major groundnut-growing areas of
the country. Local cultivars specific to each location
were used as local controls, whi le the recommended
varieties were used as high-yielding controls. In the
1988/89 cropping season, a combined analysis was
conducted on five of the test locations. These loca-
tions had been carefully selected to represent differ-
ent agroecological zones and management regimes.
For example, Tumbi, in the west, represents a zone of
inadequate and poorly distributed rain, characteristic
of central and western Tanzania. It is far away f rom
the breeding center and supervision is therefore d i f f i -
cult. Sulut i , in southern Tanzania, represents a zone
receiving long periods of adequate and wel l-distr ib-
uted rains. Naliendele, in the southeast, is fair ly rep-
resentative of the l ight sandy soils of the coastal belt.
It is the center of groundnut-breeding activities and
has the advantage of good supervision and manage-
ment. Nachingwea and Mtopwa, also in the southeast,
are substations of this Institute and share the advan-
tages of Naliendele. These three locations are charac-
ter ized by long per iods of ra in a l ternat ing w i t h
frequent dry spells.
These data were also subjected to a simpli f ied
pattern analysis technique (Singh and Chaudhary
1977, pp. 253-280) to evaluate the stability of the two
recommended cult ivars. Results of these analyses are
presented in Table 1 and Figure 1. The local control
entries have been omitted f rom the analyses as these
were not common to all locations.
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Table 1. M e a n seed yields of 11 selected groundnut genotypes at five locations in Tanzania, 1988/89.
Entry
I C G V - S M 83021 ( I C G M S 21)
69.62.2.5
Red Mwi tunde
1529
I C G V - S M 83712 ( I C G M S 46)
2-5 x Johari (Robut 3 3 - 1 )
Bebiano Encarnado
Njombe 3 
I C G V - S M 83702 ( I C G M S 36)
Controls
Nyota (Spancross)
Johari (Robut 33-1)
SE 1. Varieties
2. Locations
3. Varieties x locations
Locat ion mean
C V ( % )
Locat ion and mean seed y ie ld (t ha - 1)
N A L 1
1.69K1)2
1.400(3)
1.418(2)
1.120(7)
1.230(5)
1.153(6)
0.768(9)
0.498(10)
0.456(11)
1.277(4)
0.819(8)
1.067
N A C 1
1.250(1)
1.172(5)
1.088(6)
1.243(2)
1.006(7)
0.863(9)
0.930(8)
0.726(11)
0.754(10)
1.225(3)
1.176(4)
1.039
M T O 1
1.338(1)
1.204(3)
0.927(9)
0.938(8)
1.059(7)
1.234(2)
0.915(10)
1.173(4)
1.120(5)
1.098(6)
0.764(11)
±24.43
±16.47
±54.63
1.070
5.1
S U L 1
0.866(7)
0.965(2)
1.049(1)
0.881(6)
0.664(11)
0.699(10)
0.845(8)
0.943(3)
0.892(5)
0.896(4)
0.748(9)
0.857
T U M 1
0.592(10)
0.860(2)
0.568(11)
0.630(9)
0.688(5)
0.648(8)
0.672(6)
0.776(4)
0.832(3)
0.880(1)
0.672(6)
0.710
Mean
1.157
1.120
1.010
0.962
0.929
0.919
0.826
0.824
0.811
1.075
0.836
1 . N A L = Na l iende le ; M T O = M t o p w a ; T U M = T u m b i ; N A C = N a c h i n g w e a ; S U L = Su lu t i .
2 . Numbers in parentheses are rank ings .
sirable properties of a genotype released for wide
c u l t i v a t i o n . Fu r the r i t is a s t rong ind ica to r of
adaptability of a genotype. Resistance to the major
stresses—both biotic ones, such as diseases, and abio-
t ic ones, such as droughts—are other desirable
attributes.
There were highly significant genotype x environ-
ment interactions. However, Nyota and Johari inter-
acted less strongly wi th environment than most of the
other varieties, e.g., I C G V - S M 83021 ( ICGMS 21)
and Red Mwi tunde (Fig. 1).
Diseases, part icular ly early leaf spot, late leaf
spot, and rust, are among the major constraints to
groundnut production in Tanzania. Reactions of se-
lected genotypes to late leaf spot [ Phaeoisariopsis 
personata (Berk. & Curt.) v. A r x ] severity (Table 2)
indicate that the two commercial varieties are very
susceptible to this disease, Nyota being the more
susceptible.
Table 2. Severity of late leaf spot on selected groundnut
genotypes, Naliendele, Tanzania, 1988.
Entry
Red Mwi tunde
I C G V - S M 83702 ( I C G M S 36)
Johari (Robut 33-1 )
2-5 x Johari (Robut 33 -1 )
Nyota (Spancrcss)
Mean late leaf spot
score1
5.0
5.3
6.7
6.7
8.0
1. Scored on a 1-9 scale, where 1 = No disease, and 9 = 5 0 - 1 0 0 %
fol iage destroyed.
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The yields of Nyota (Spancross) were comparable
to the h ighest -y ie ld ing variety I C G V - S M 83021
( ICGMS 21). Significant yield differences between
these varieties existed only at Naliendele. I C G V - S M
83021 is a very recent introduction and was included
in the advanced yield trials for the first t ime this
season fo l lowing its good performance in previous
prel iminary yield tests. I C G V - S M 83021 is currently
the most serious competitor to Nyota, stil l considered
the highest-yielding variety 8 years after its release.
The variety 69.62.2.5, which d id not dif fer apprecia-
bly f rom Nyota at several sites, is a selection f rom
Natal Common and one of the oldest varieties in our
program. However, its performance is inconsistent
and, therefore, does not pose any threat to Nyota.
Johari (Robut 33-1) was significantly less produc-
tive than most other varieties under test. At several
sites, the yield of Johari was lower than those of
I C G V - S M 83712 ( ICGMS 46) and Red Mwi tunde,
all three of which belong to the same botanical group.
Stability and Other Parameters
For a crop grown in such a wide range of agroclimatic
environments, stability becomes one of the most de-
Figure 1. Genotype x environment interaction of
four selected groundnut genotypes at five locations,
Tanzania, 1988/89.
Nyota (Spancross)
Red Mwitunde
ICGV-SM 83021 ( ICGMS 21)
Johari (Robut 33-1)
Locat ion mean seed yield
(t ha - 1) (envi ronmental index)
0.7 0.8 0.9 1.0 1.1
1.5
1.0
0.5
0
Discussion
Sibuga: In a paper presented at this workshop, Johari
(Robut 33-1) was rated as susceptible to rust, late leaf
spot, and early leaf spot. What were the qualities
considered in releasing this variety?
Mwenda: Despite the susceptibil ity to rust, late leaf
spot, and early leaf spot, it was g iv ing higher yields
than the local varieties. Therefore, it was released
purely because of its y ield potential.
Subrahmanyam: Both Spancross and Johari (Robut
33-1) are susceptible to late leaf spot and rust.
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Groundnut Improvement Program in Uganda
C M . Busolo-Bulafu
1
Abstract
Groundnut (Arachis hypogaea L.) is the second most widely grown grain legume in Uganda, the 
first being common bean (Phaseolus vulgaris L.). Groundnut is very well established in the country 
and is well accepted for cultivation and consumption. Recent research efforts to improve groundnut 
yield and quality in Uganda are discussed. Performance of breeding lines grown during the first 
rainy season in 1989 is reported. 
Introduction
Groundnut (Arachis hypogaea L.) has been grown in
Uganda since 1862. It is now grown widely in the
country and mostly consumed locally. The use of
groundnut as a food and cash crop has increased sub-
stantially because of an increased awareness of pro-
te in shortages in Uganda. Groundnut is r i ch in
proteins (25-35%) and fats (44-56%). Total produc-
t ion in the country is estimated at 140 000 t grown on
175 000 ha. It was in 1962-63 that the first hybridiza-
t ion work was conducted on the crop in Uganda. The
aim was to incorporate resistance to rosette virus dis-
ease in the potentially high-yielding cultivars by ut i -
l iz ing resistant but poor yielders, and susceptible but
h igh-y ie ld ing ones. Unt i l then, groundnut research
was confined mainly to agronomic studies, and selec-
tion and testing of promising varieties in the collec-
tion at Serere Research Station. This report highlights
the various aspects of the groundnut research being
undertaken in Uganda to improve the crop.
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Uses of Groundnut in Uganda
Groundnut is a multipurpose crop. The seeds are con-
sumed as roasted nuts. Groundnut flour is used in
many of the dishes. Groundnut o i l makes an excellent
cooking medium. Groundnut cake, the by-product of
o i l extraction, is a r ich livestock feed because of its
high protein content. However, care must be taken to
use clean, properly cured seed to avoid contamination
The objective of this project is to develop cult ivars
resistant to rosette w i th acceptable agronomic and
commercial qualit ies.
Rosette is one of the major diseases of groundnut
in Uganda. It is a virus disease transmitted by aphids
(Aphis craccivora). Heavy infestation may result in
complete crop failure. Effective chemical control of
the vector is possible, but it is too costly for the peas-
ant farmer. The use of resistant varieties would be a 
much cheaper alternative.
We have evaluated seven lines derived f rom three
crosses, together wi th the source of resistance, and
one commerc ia l va r ie ty , i.e., Roxo , in d i f fe ren t
agroecological zones. Four of these lines, i.e., Y 6 ,
X 3 , AT 5 (138/2/3/3), and AT 5 (139/6/4/1) gave sig-
nificantly higher yields than the resistant parent in a 
prel iminary y ie ld tr ial (Table 1). It is hoped to release
at least one of these in the near future.
but they have to be carefully screened and tested for
adaptability in the different agroecological zones.
by aflatoxin, a metabolite of the fungus Aspergillus 
fiavus.
Groundnut is a good rotation crop as it improves
soil fert i l i ty by fixing nitrogen through its symbiotic
association w i th Rhizohium. 
Problems of Groundnut
Production in Uganda
In Uganda almost al l the groundnut is g rown by
small-scale farmers of l imi ted means. The average
dried pod yield of 0.8 t ha-1 compares unfavorably
wi th 3 t ha - 1 ( ICRISAT 1987) obtained in countries
wi th developed agriculture. However, yields of over
2.5 t ha-1 have been achieved in experimental plots in
some parts of the country, indicating a good potential
to improve farmers' yields. Constraints to groundnut
production in Uganda include disease and pest inc i -
dence. The main diseases are rosette virus disease
and early leaf spot (Cercospora arachidicola Hor i )
but others which deserve mention are bacterial w i l t
disease (Pseudomonas solanacearum), rust, and stem
rot caused by Sclerotium rolfsii. The insect pests in -
clude aphids which are vectors of the rosette virus,
thrips, and white grubs (Scarabaeidae). Termites also
cause damage in some areas. Other constraints in -
clude unreliable rainfal l in some areas, w i th recurr ing
d rough t , lack o f h i g h - y i e l d i n g c u l t i v a r s , poo r
agronomic practices, and l i t t le or no use of fert i l izers.
Storage diseases and pests are also a serious problem.
These include Aspergillus flavus, moths, flour beetles
(Tribolium spp), grain beetles (Oryzaephilus spp),
etc., and occur especially when the pods are not prop-
erly dr ied or are stored in damp places.
Current Status of Groundnut
Improvement in Uganda
To attain improved yields and good quali ty, selection
and breeding efforts were in i t ia l ly directed at deve-
loping genotypes w i th resistance to the major dis-
eases and pests (rosette virus disease, early leaf spot,
bacterial w i l t ) , early maturi ty, resistance to drought
and to f ield sprouting, good storage quali ty, and high
protein or o i l content. In future, fu l l use w i l l be made
of the germpiasm developed by ICRISAT on a collab-
orative basis. New varieties can be developed fair ly
rapidly (2 -3 years) f rom the ICRISAT germpiasm,
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Table 1. Yields of breeding groundnut lines and control
varieties for first rains, Namulonge Research Stat ion,
Uganda, 1989.
Breeding l ine/
genotype
Y 6
X 3
A T I 261/5/2/8
A T 4 107/2/4/3
ATS 138/2/3/3
AT5 139/6/4/1
A T 4 74/3/5/3
295 (Resistant parent)
Control
Roxo
C V ( % )
Y ie ld ( in shell) o f
d ry pods (t ha - 1)
1.687 a1
1.562 ab
1.243 bc 
1.1133c
1.543 ab
1.1882 a 
1.1177c
1.1072 c 
1.597 ab
23.5
1. C o l u m n means f o l l owed by the same let ter(s) do not d i f f e r s i g n i f i -
can t l y a t the 5% level o f p robab i l i t y (P <0 .05 ) , acco rd ing to D u n -
can 's M u l t i p l e Range Test.
Groundnut Research Projects
Breeding for resistance to rosette
virus disease
Mutation breeding
The objective of this project is to util ize induced mu-
tation as a method of breeding groundnut to improve
grain y ie ld , quality, disease resistance, earliness, and
adaptability.
Unt i l 1976, the only method to create genetic var i -
ation in Uganda was controlled cross pol l inat ion. For
this technique to give the best results, emasculation
has to be conducted at night (about 2100) and pol l ina-
t ion in the morning (between 0500 and 0700). This is
inconvenient and t ime-consuming. The technique also
does not produce many F1 seed in groundnut.
Induced mutations have been used as an alterna-
t ive, complementary, or unique solution in crop im-
p r o v e m e n t ( M a c K e y 1 9 8 1 ) , i n a d d i t i o n t o
conventional methods. The advantages of induced
mutations are that mutants can often be produced at
high frequency, in a short t ime, and in selected ge-
netic background (MacKey 1981). Several mutant
groundnut varieties have been produced in various
countries, especially in India and the USA (Gregory
1966).
In 1976, we initiated a mutation breeding program
to broaden the genetic base in groundnut and to
achieve some of the fo l lowing breeding objectives:
• To improve resistance to
a. rosette virus disease transmitted by aphids, and
b. ear ly lea f spot and late lea f spot [Pha-
eoisariopsis personata (Be rk . & Cur t . ) v.
A rx . ] .
To shorten the maturity per iod of high-yielding
varieties so that they can adapt better to the rain-
fal l pattern of the main growing areas.
To improve seed un i fo rmi ty , size, and qual i ty
mainly of Red Beauty variety.
To reduce plant height ( in variety Roxo) by short-
ening the internodes so that more flowers are pro-
duced near the ground.
In this program, p re l im ina ry y ie ld data have
shown considerable increase in y ie ld of one mutant
(13/17/31/2/21) as compared wi th the control variety
Roxo (Table 2). There are indications that mutation
breeding can be a potentially valuable tool when yie ld
is considered. It is hoped that one of these mutant
lines w i l l be released to the farmers after other pa-
rameters have been considered.
Early and late leaf spots are the most important fol iar
fungal diseases of groundnut in Uganda. The loss
Table 2. Yields of mutant groundnut lines and control varieties at three locations for the first rains, Namulonge
Research Station, Uganda, 1989.
Mutant l ine/
genotype
32/25/11/6/1
32/25/11/1/32
32/25/44/9/18
32/25/11/6/19
32/25/44/9
32/25/8/2
13/17/31/2/21
13/17/31/21/25
Controls
B1 (parent)
Roxo
C V (%)
Y ie ld of d ry pods ( t ha - 1)
Namulonge
1.15 a 2
1.26 a 
1.13a
1.32 a 
1.24 a 
1.13a
1.12a
1.12 a 
1.16a
1.17a
10.5
I k i I k i
1.08 b 2
1.38 a 
1.06 b 
1.03 b 
1.07 b 
1.03 b 
1.23 a 
1.16b
1.03 b 
1.64 a 
19.9
K is ind i 1
2.52 ab 2
2.40 bc 
1.74 e 
2.44 bc 
1.98 d 
2.57 a 
2.72 a 
2.03 d 
1.75 e 
2.35 c 
18.5
Mean y ie ld
(t ha - 1 )
1.58
1.68
1.31
1.59
1.43
1.58
1.69
1.44
1.31
1,72
1. The t r i a l a t K i s i n d i F a r m was g iven on r idges .
2 . C o l u m n means f o l l o w e d by the same letter(s) do not d i f f e r s ign i f i can t ly a t the 5% level o f p robab i l i t y (P < 0 .05) , accord ing to Duncan 's
M u l t i p l e Range Test.
57
Breeding short- and medium-
duration varieties resistant to leaf
spots
varies in magnitude and can be up to 8 0 % in very
severe infections, depending on the stage at wh ich the
crop is attacked. Considering the h igh cost of chemi-
cal control of the diseases, the most practical alterna-
tive is to develop and use resistant varieties.
Several sources of resistance are available, e.g.,
Kanyoma, Maku lu Red, Man i Pintar, 292, R M P 12,
and 295 but most of them are late matur ing (4 -5
months). Such varieties are only suitable for areas
wi th unimodal rainfal l patterns. Most of the ground-
nut-growing areas have bimodal rainfal l patterns of
about 90-110 days duration. Our aim is, therefore} to
breed short-duration varieties that are adapted to the
short rainfal l season.
We are evaluating and selecting w i th in hal f dial lel
crosses involv ing 10 parents. The materials are now at
the F6 generation and pre l iminary y ie ld tr ials of
promising lines w i l l begin dur ing the second rainy
season in 1990.
Bacter ial w i l t of groundnut has been observed in
some areas of central and northwestern Uganda.
Losses because of this disease can be severe if the soil
is heavi ly infested. The disease is soi lborne and,
therefore, d i f f icul t to control chemical ly. The most
effective means of control is the use of resistant
varieties.
We have started screening germplasm accessions
including those reported to be resistant. These in -
clude Kanyoma, ICG 5313, ICG 7393, ICG 6417, and
ICG 7968. Congo Red, Red Beauty, and Roxo are
being used as controls. Hybr id izat ion work might be
considered if resistant genotypes cannot be direct ly
used as cult ivars.
The objectives are to bu i ld a gene bank through co l -
lection and conservation of local and exotic varieties
as wel l as landraces.
Our col lect ion at Serere Research Station had
about 650 accessions in 1986. But because of inse-
cur i ty in the area, some were lost and we now have
about 350 accessions. We are planning to request
Maintenance breeding
The objective of maintenance breeding is to maintain
and evaluate cult ivars released by the Uganda Seed
Project (USP) for stabil ity.
In conjunction w i th the USP, we are currently
maintain ing Red Beauty and Roxo varieties. The
work is being carr ied out on the Seed Farm of USP at
K is ind i in Masindi district.
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Discussion
Ismael: From your presentation, I gather that you
have a very extensive research program. Do you have
sufficient resources to carry out successfully all these
programs?
Busolo-Bulafu: Each project is l imited and we deal
wi th few lines.
Ismael: Don ' t you think it would be better to select a 
few projects and allocate some resources to each so
that you can achieve your aim much more efficiently
and quickly?
Busolo-Bulafu: We have certain pr ior i t ies and in
practice we terminate the project when a new one is
begun.
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more f rom ICRISAT. The accessions are maintained
by act ive regenerat ion, because of lack of co ld
storage.
Breeding for resistance to bacterial
wilt disease
Germplasm collection, maintenance,
and utilization
Haciwa: What progress has been achieved in muta-
t ion breeding as regards the objectives listed in the
paper?
Busolo-Bulafu: Different varieties have shown de-
sirable qualities in some aspects but no mutant has
combined all the qualities that were sought for in the
objectives.
H i l d e b r a n d : What is the background of your rosette
resistant parent (295)?
Busolo-Bulafu: It is f rom Senegal.
Hildebrand: Is it hypogaea or fastigiata?
Busolo-Bulafu: I think it is Virginia.
Musanya: Y ie lds at K i s i nd i appear to be much
higher than those from the other two sites and accord-
ing to the footnote, the varieties were sown on ridges.
Is it common to grow groundnuts on the flat and not
on ridges?
Busolo-Bulafu: In Uganda, groundnut is grown on
the flat. At K is ind i , it was grown on ridges by the
management; it is not a common practice.
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Achievements of the Zambia Groundnut Improvement
Program
Introduction
Prior to 1979, the groundnut (Arachis hypogaea L.)
research program involved mostly varietal testing and
agronomic studies. These studies resulted in the re-
lease of cv Maku lu Red in 1964. Research conducted
thereafter was intensified to cover an enlarged germ-
plasm col lect ion, the evaluation of long-duration ge-
notypes, development of a hybridization program to
cater to local needs, and the bulk ing of breeder and
prebasic seed under r ig id control. Extension activities
were d i rected at disseminat ion of technology for
groundnut production to extension personnel, seed
services, and groundnut growers.
Evaluation of Long-duration
Varieties
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M.B. Syamasonta
1
Abstract
The results of the groundnut (Arachis hypogaea L.) improvement program of Zambia during the 
1987/88 and 1988/89 cropping seasons are discussed. One long-duration cultivar M13, which had 
consistently yielded better than the control cv Chalimbana, was released in 1988 as MGS 2. Two 
other long-duration varieties ICGV-SM 83708 (ICGMS 42) and 4a/8/2, which have yielded better 
than control cv Makulu Red, have been prereleased. Three short-duration Spanish varieties, ICGV-
SM 83002 (ICGMS 2), ICGV-SM 83005 (ICGMS 5), and ICGV-SM 83011 (ICGMS 11) have shown 
promise and been found suitable for low-rainfall areas. 
Two advanced groundnut varietal tr ials, consisting of
10 promising lines and local cultivars as control were
conducted at four locations representing different
agroecological zones dur ing the 1987/88 and 1988/89
1. Groundnut Breeder and Coordinator, Msekera Regional Research Station, P.O. Box 510089, Chipata, Zambia.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
Table 1. Performance of selected oil type Virginia entries in advanced groundnut variety tr ials at four locations, Zambia , 1987/88 and 1988/89.
Entry
F lamingo
Gambia Bunch D 
I C G V - S M 83702
( I C G M S 36)
M G S 3 
M G S 4 
M G S 5 
M G S 6 
P12/5/1
S A C 58
Control
M a k u i u Red
SE
T r i a l mean (14 entries)
C V (%)
Seed y ie ld (t ha - 1)
Msekera1
1987/88
1.09
1.24
0.95
1.35
1.34
1.26
1.09
0.99
1.19
1.14
±0.039
1.16
7
1988/89
0.47
0.61
0.58
.2
0.96
0.73
0.60
0.95
-
0.53
±0.011
0.65
23
Masumba
1987/88
0.33
0.51
0.39
0.46
0.75
0.45
0.41
0.36
0.27
0.46
±0.033
0.44
17
1988/89
0.94
1.05
0.92
-
1.47
0.99
0.94
1.02
-
1.06
±0.076
1.10
14
Chisamba
1987/88
2.47
2.62
2.81
2.55
2.91
2.46
2.66
2.22
2.27
2.48
±0.137
2.56
12
1988/89
0.32
0.28
0.27
-
0.20
0.27
0.20
0.21
-
0.27
±0.036
0.28
25
Kabwe
1987/88
1.67
1.67
1.59
1.71
1.67
1.90
1.29
1.18
1.61
1.42
±0.147
1.55
21
1988/89
1.89
1.60
1.59
-
1.85
1.24
1.50
1.61
-
1.78
±0.166
1.69
20
Entry Mean
1987/88
1.20
1.36
1.25
1.31
1.46
1.18
1.18
1.20
1.15
1.20
1988/89
0.91
0.91
0.84
-
1.12
0.81
0.92
0.95
-
0.93
Percentage over
control
1987/88
100
113
104
109
122
98
98
100
96
1988/89
98
98
90
-
120
87
99
102
-
1. Reg iona l Research Stat ion.
2 . N o t inc luded in 1988/89.
cropping seasons. One tr ial compared oi l- type entries
wi th cv Maku lu Red, and the other compared confec-
tionery-type entries w i th cv Chalimbana. The design
was a randomized block w i th four replications, and
plots consisted of four rows, 6 m long, spaced 0.75 m 
apart. Seed was sown on ridges at a spacing of 10 cm.
Significant differences were observed in yields of
oi l-type entries at all the locations in both the seasons
(Table 1). Four ent r ies , i .e., I C G V - S M 83702
( ICGMS 36), MGS 3, Gambia Bunch D, and M G S 4 
( I C G V - S M 83708 or ICGMS 42), significantly out-
yielded the conrol Makulu Red in the 1987/88 season.
In the 1988/89 season on ly M G S 4 ( I C G V - S M
83708) significantly outyielded Maku lu Red.
Both Flamingo and M G S 4 recorded higher shell-
ing percentage (77%) compared to M a k u l u Red
(72%) . Four other entries recorded s igni f icant ly
higher 100-seed mass than that of Maku lu Red (53 g).
These four entries are MGS 3 (66 g), MGS 4 (62 g),
Flamingo (59 g), and P12/5/1 (59 g). A l l entries ma-
tured 2-12 days later than Maku lu Red (134 days).
In the 1988/89 season, shelling percentages were
nonsignificantly different at Msekera and Masumba,
but at Chisamba and Kabwe significant differences
were observed among the test entries. Entry 6/6/5
recorded the highest shelling percentage (70%) and
was significantly superior to Makulu Red (58%). En-
tries also dif fered significantly in 100-seed mass at al l
the locations. The mean 100-seed mass was highest at
Kabwe, w i th 8/8/1 and HYQ(CG)S/10 (83 g) record-
ing significantly larger seed masses than Maku lu Red
(73 g).
H igh overall leaf spot severity was observed at
Msekera, possibly because of the high rainfall re-
ceived in February and March 1989. W i t h the excep-
tion of Gambia Bunch D and MGS 5 (rating 6) the
remaining entries recorded a rating between 7 and 9 
on a 1-9 scale (1-2 = no disease, 3 -6 = medium, and
7-9 = severe).
Among the confectionery-type entries, significant
differences in seed yie ld were recorded in 1987/88
(Table 2). A l l the entries recorded higher mean seed
yields than the control Chalimbana. MGS 2 yielded
the highest, and had superior shel l ing percentage
(68%) compared to Chalimbana (64%). Mean leaf
spot severity ranged f rom 5.6 at Kabwe to 9 at
Msekera.
In the 1988/89 season, seed yields were low but
dif fered significantly among entries (Table 2). How-
ever, all entries except Ch. 88/74 performed better
than Chalimbana by margins of 7% to 34%. Entries
16/10/16, 16/10/11, and MGS 2 were among the best
Virginia
Spanish
Twenty-f ive entries were sown in a 5 x 5 lattice de-
sign at Masumba and Mochipapa.
On an average, across the two locations, nine en-
tries s ign i f icant ly outy ie lded the contro l var iety
Comet (0.68 t ha -1). Three entries, ICGV-SMs 85038,
87003, and 83005, gave impressive seed yields. Shel-
l ing percentage ranged f rom 57% to 77% and is con-
sidered extremely good for Spanish types. Mean leaf
spot ratings, 100-seed mass, and defoliating and suck-
ing pest ratings were significantly different at both
locat ions. At Masumba, leaf spot severity rat ing
ranged f rom 4.4 to 8.3, whi le at Mochipapa it ranged
from 2.1 to 5.0.
At Masumba, ICGV-SMs 85001 (rating 3.3) and
83005 (rating 3.9), showed good tolerance of sucking
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SADCC Regional Groundnut
Yield Trials
yielders. Significant differences in shell ing percent-
age were recorded only at Masumba. Entries 16/10/16
(69%) and M G S 2 (68%) showed a higher shelling
percentage than the control Chalimbana (64%). Leaf
spot severity, 100-seed mass, and defoliation percent-
age were signi f icant ly di f ferent among entries at
Msekera and Masumba. The highest 100-seed mass of
83 g was recorded at Masumba by MGS 7 whi le
Chalimbana recorded 77 g.
Twenty-f ive entries were sown in a 5 x 5 lattice de-
sign at Msekera and Chisamba in the 1988/89 season.
The tr ial at Chisamba was destroyed by heavy rains.
E igh t entr ies ou ty ie lded the con t ro l var ie ty
Maku lu Red (Table 3) by margins of 8% to 57%
( I C G V - S M 86751). ICGV-SMs 86725 and 86720 had
greater shelling percentages than Maku lu Red, whi le
only one entry, I C G V - S M 87707, recorded signif i -
cantly (P < 0.05) higher 100-seed mass.
Moderate mean leaf spot severity (rating 6.9) was
observed in the t r ia l . Entry I C G V - S M 86751 re-
corded the lowest leaf spot severity (rating 4.8) com-
pared w i th Maku lu Red (rating 7.0) and M G S 2 
(rating 6.5). Sucking pest damage rating ranged from
1.9 to 5.1. Entry I C G V - S M 86703 showed tolerance
to sucking pests.
Table 2. Performance of selected confectionery-type Virginia entries in advanced groundnut variety trials at four locations, Z a m b i a , 1987/88 and 1988/89.
Entry
8/8/19
16/10/11
16/10/16
C h . 147/80
M G S 7 
Ch.83/74
Ch.83/286
E879/6/4
M G S 2 
Contro l
Chal imbana
S E 3
Mean
C V ( % )
Seed y ie ld (t ha - 1)
Msekera1
1987/88
1.01
1.11
1.02
0.64
0.71
0.70
0.64
0.77
1.30
0.56
±0.030
0.85
7.8
1988/89
0.45
0.38
0.47
.2
0.33
0.34
-
-
0.63
0.32
±0.007
0.50
21.8
Masumba
1987/88
0.54
0.44
0.42
0.27
0.42
0.32
0.36
0.28
0.59
0.29
±0.039
0.39
22.3
1988/89
0.74
1.06
1.25
-
0.85
0.57
-
-
1.19
0.75
±0.053
0.99
21.8
Ch i samba
1987/88
2.65
2.67
2.58
2.34
2.56
2.15
2.57
2.51
2.98
2.14
±0.150
2.51
13.3
1988/89
1.11
1.17
1.14
-
1.01
1.09
-
-
0.93
1.06
±0.073
1.03
18.5
Kabwe 2
1987/88
1.55
1.49
1.33
1.33
1.21
1.15
1.30
1.12
1.39
1.11
±0.063
1.30
13.7
Entry mean
1987/88
1.26
1.22
1.19
1.15
1.12
0.95
1.21
1.17
1.32
0.91
1988/89
0.76
0.87
0.95
-
0.73
0.67
-
-
0.92
0.71
Percentage over control
1987/88
138
134
131
126
123
104
133
128
145
100
1988/89
107
123
134
-
103
94
-
-
130
100
1. Reg iona l Research Stat ion.
2 . N o t inc luded in 1988/89.
3. Stat ist ic f o r 16 entr ies.
Chinganga: How many accessions of groundnuts do
you have in your germplasm collection? Do you have
a collection of w i ld relatives of groundnuts?
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5 years of on-station testing was 2.5 t ha -1.
In the same year I C G V - S M 83708 ( ICGMS 42),
from the SADCC/ lCR lSAT Groundnut Project, Ma l -
awi , was accepted for prerelease as MGS 4. Genotype
4a/8/2 from Zimbabwe was accepted for prerelease as
MGS 3 in 1989. These varieties have superior seed
characteristics and yield than Makulu Red.
pest damage. At Mochipapa, sucking pest damage
ranged f rom 3.8 to 6.8. Pod damage and pod scar-
ification by soil pests were of no economic impor-
tance in this t r ia l .
Achievements
A Virginia runner, M 13, developed at the Punjab
Agricultural University, India, was released as MGS
2 in 1988. MGS 2 was found to be superior (25%) to
Chalimbana in seed y ie ld, tolerant to early leaf spot or
Cercospora arachidicola (5%), and superior in shell-
ing percentage (5%) but is 17 g inferior to Chal im-
bana in 100-seed mass. Mean seed y ie ld of MGS 2 in
Discussion
Table 3. Performance of 25 Virginia entries in S A D C C Regional Groundnut Variety T r i a l , Msekera, Zambia , 1988/89.
Entry
I C G V 336
I C G V 749
I C G V - S M 83708
I C G V - S M 85718
I C G V - S M 85726
I C G V - S M 85727
I C G V - S M 86751
I C G V - S M 85752
I C G V - S M 86753
I C G V - S M 85764
I C G V - S M 86715
I C G V - S M 86719
I C G V - S M 86720
I C G V - S M 86722
I C G V - S M 86725
I C G V - S M 86703
I C G V - S M 86704
I C G V - S M 86708
I C G V - S M 86734
I C G V - S M 86737
I C G V - S M 86760
I C G V - S M 86761
I C G V - S M 87707
Controls
M G S 2 
Maku lu Red
SE
Tr ia l mean
C V (%)
Plant
density
75
82
63
87
75
69
75
70
72
64
68
81
75
81
69
65
55
65
75
63
57
56
73
71
±6.6
70
19
Seed
yie ld
(t ha - 1)
0.58
0.89
0.57
0.56
0.46
0.62
1.05
0.80
0.91
0.47
0.73
0.53
0.53
0.99
0.65
0.54
0.34
0.36
0.90
0.66
0.73
0.64
0.65
0.48
0.67
±0.089
0.65
27
Shel l ing
(%)
70.8
69.0
60.5
68.8
62.3
67.1
58.4
54.5
56.9
65.2
67.3
63.9
72.1
56.9
71.9
63.5
70.6
69.1
71.8
64.4
70.3
62.9
65.3
67.6
70.0
±3.1
65.6
10
T ime to
matur i ty
(days)
130
146
130
127
129
146
146
146
146
127
146
134
127
146
127
134
126
127
146
146
146
146
146
134
146
±0.06
138
-
ELS
score1
(1-9)
7.8
6.5
7.3
7.0
7.3
6.8
4.8
5.5
6.3
6.8
6.5
7.0
7.8
6.0
9.0
7.5
9.0
8.8
6.8
6.8
6.5
6.8
6.0
6.5
7.0
±0.21
7.0
7
100-seed
mass(g )
43
47
46
43
33
40
41
35
33
46
50
43
44
34
45
43
34
51
47
47
49
48
51
45
47
±1.5
43
7
1. Scored on a 1-9 scale, where 1 = No disease, and 9 = 5 0 - 1 0 0 % of fo l iage destroyed.
(%)
Syamasonta: The Zambian Groundnut Improvement
Programme has got more than 1000 accessions of
groundnuts. Unfortunately, it does not include w i l d
relatives of groundnuts. However, when a need for
these arises, they w i l l be col lected for use in the
crossing programs. A l s o , the S A D C C / I C R I S A T
Groundnut Project has got a good col lect ion of w i l d
relatives of groundnuts and when the Zambian pro-
gram needs these they could make a request to the
SADCC/ ICRISAT Groundnut Project.
Wanchinga: It is important for national programs to
indicate clearly in their presentations what contr ibu-
tions the regional program is mak ing to the develop-
ment of the necessary germplasm at the national level.
This quantification is of interest to SACCAR as wel l
as the donors who support the program.
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General Discussion on Breeding
Syamasonta: Is there any program in the region
which is t ry ing to use groundnut plant residues as
livestock feed?
Ndunguru: In West Af r ica this is very important but
in the SADCC region it seems no program is using
it, but it is worthy of investigation.
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Production Constraints
and Stress Resistance
Drought Effects on Growth and Aspergillus Infestation
of Groundnut Cultivars in West Africa
1
Introduction
D r o u g h t is a c o m m o n p r o b l e m fac ing d r y l a n d
farmers of the semi-arid tropics. Droughts are com-
plex situations and crops may experience various
combinations of drought stress, heat stress, and nutr i -
ent stress and may become more susceptible to dam-
age by diseases or pests. Drought is commonly
associated wi th low atmospheric humidity, which can
in its own r ight reduce the proport ion of flowers that
1. Paper was presented by Dr B.J. Ndunguru.
2. Principal Groundnut Breeder, ICRISAT Sahelian Center, B.P. 12404, Niamey, Niger (via Paris).
3. Principal Physiologist at the above address.
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5. Principal Groundnut Agronomist and Team Leader at the above address.
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ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
D.C. Greenberg
2
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3
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4
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Abstract
Groundnut (Arachis hypogaea L.) genotypes from SADCC / ICRlSAT Groundnut Project (Malawi), 
ICRISAT Center (India), and West Africa were evaluated for growth rates, partitioning to reproduc-
tive components, and susceptibility to Aspergil lus spp in five stress environments. Poor partitioning 
observed in genotypes from the SADCC region may be indicative of greater susceptibility to stress 
during the reproductive stage than lines with proven drought resistance. Most SADCC lines were 
also found to be more susceptible to seed infection by Aspergil lus flavus and A. niger than the 
established West African cultivars. 
form pods in groundnuts (Arachis hypogaea L.) (Lee
et al. 1972). The development of genotypes that are
more productive under drought-stress conditions is an
important objective of the ICRISAT groundnut i m -
provement programs.
Research on the effects of drought may be fac i l i -
tated by the use of many useful statistical and process-
based models to analyze yields achieved by crops.
First ly, breeders commonly use the stability analysis
methods proposed by Finlay and Wi lk inson (1963)
and modif ied by Eberhart and Russell (1966) to assist
in selection of genotypes w i th stability of y ie ld over a 
range of environments. These methods have gained
widespread acceptance and are used in this paper
without detailed discussion of the methodology.
Secondly, for indeterminate crops, Duncan et al .
(1978) proposed that y ie ld differences could be an-
alyzed against the model :
Y = C x d x p
where Y is the y ie ld , C is the mean crop growth rate,
d is the duration of reproductive growth, and p is the
mean fraction of crop growth parti t ioned towards the
reproductive sink. This approach has the advantage of
separating the determination of y ield into distinct in-
dependent processes and a l lowing an understanding
of the various attributes of genotypes. To date, there
have been many analyses of the yields of various
crops exploi t ing the Duncan et al. 1978 model. These
analyses have been restricted to few treatments be-
cause of the perceived need to undertake growth anal-
ysis to determine the C and p components of the
model and have not been applicable for the selection
o f genotypes. However, J .H. W i l l i a m s and V . M .
Ramraj ( ICRISAT Center, India, personal communi-
cation, 1989) have shown that final vegetative and
reproductive y ie ld data combined w i th l imi ted phe-
nological observations (times f rom sowing to f lower-
ing and harvest) can provide good estimates of the C 
and p determinants of y ie ld without the need for de-
structive growth analysis. This approach, when ap-
pl ied to a large numbers of chickpea (Cicer arietinum 
L.) lines, has been effective in determining the scope
for genetic improvement (J.H. Wi l l iams and N.R Sax-
ena, ICR ISAT Center, India, personal communica-
t ion, 1989).
The most commonly perceived effect of droughts
is loss of y ie ld . But , in the case of groundnuts,
drought over the per iod that the crop is approaching
maturity (end-season drought) results in increased in -
fection of the pods by Aspergillus spp w i th attendant
The results presented in this paper come f rom two
t r ia l s g r o w n at the I C R I S A T Sahel ian Center,
Niamey, Niger, in 1989. These trials used 36 ground-
nut lines of which 4 were f rom the SADCC/ ICRISAT
Groundnut Project, 5 f rom the Niger national pro-
gram, 2 f rom national programs in India, and 25 f rom
ICRISAT Center. The first tr ial was sown on 2 Febru-
ary in the dry season. This tr ia l was a split-plot design
wi th three irr igat ion treatments replicated three times
as the main plots. The quantity of i rr igat ion given was
calculated by estimating the potential evapotranspira-
t ion (PET) according to the Penman (1948) equation,
and mul t ip ly ing this figure by five. In the three i r r iga-
tion treatments, the calculated quantity was applied
once every 5, 10, or 15 days, g iv ing these treatments
100%, 50%, and 33% of the PET. A l l treatments were
given sufficient i rr igat ion to establish the crop and the
different treatments were imposed 3 weeks after sow-
ing. Each main plot was surrounded by 1.5 m of bor-
der on al l sides and contained two replicates of
subplots of 36 groundnut lines arranged in a 6 x 6 
simple lattice design. The subplots comprised three
rows, each 1.5 m long, w i th 0.5 m between rows. For
each groundnut genotype, a l l the three i r r iga t ion
treatments were harvested when the control treatment
was mature to avoid the stress treatments receiving
more water than expected by remaining in the field
longer.
The second tr ial was sown on 31 Jul 1989, about a 
month after the rains had set in , and used 35 of the
same 36 groundnut lines as the first t r ia l . This tr ial
was div ided in two halves w i th one half being i r r i -
gated through to maturi ty after the rains ceased (5 Oct
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Materials and Methods
deter iorat ion in qual i ty (Zambettakis et a l . 1981;
Mchan et al. 1988).
The SADCC/ ICRISAT Groundnut Project in M a l -
awi has not so far been able to screen groundnut
material for drought responses in a systematic way,
but this has been done for some SADCC lines pro-
vided to the West A f r ican Groundnut Improvement
Program and which have performed wel l in western
Af r ica . This paper compares the drought responses of
these lines to those of the western A f r i ca released
cult ivars, for the stability of their C, p, and yields in
five quantified water-supply environments. It also re-
ports on the relative susceptibil ity of these lines to
Aspergillus spp in a s i tuat ion where a te rmina l
drought stress was imposed at about 50% pod-f i l l .
1989) and the other half being subjected to end-sea-
son drought. Each half of the tr ial contained the 36
groundnut genotypes, arranged as a 6 x 6 lattice wi th
four replicates wi th five-row plots 3-m long wi th rows
0.5 m apart (7.5 m2 plot area). The trial was har-
vested between 25 October and 11 November.
Both trials were regularly observed to determine
the date at which 50% of the plants in each plot had
commenced flowering. At harvest, the dry mass of
haulms, pods, and seeds were measured. The times
between sowing, flowering, and maturity were con-
verted to thermal time (°C day) using daily tempera-
ture data (recorded at the ICRISAT Sahelian Center
meteorological station) in the equation below (Mo-
hamed et al. 1988), which assumes a base temperature
for development of 10°C.
TT (°C day) = [ (Max + Min) /2 ] - 10
The thermal times for the crops to mature in the two
experiments were very similar for most genotypes
(the largest difference for any genotype was 15%) but
the means of the two experiments differed by only
9%, w i th the second tr ial maturing earlier.
Crop growth rate (C) and pod growth rate (PGR)
were calculated as the linear rate of increase in t ha-1
(°C day) - 1 over the relevant crop growth periods for
each genotype. To determine C, the growth period
was measured from sowing to harvest, and to deter-
mine the PGR the growth was measured from 50%
flowering to harvest. The part i t ion coefficient (p) was
calculated as PGR/C, according to the method of
Duncan et al. (1978).
For the second experiment, the seeds were exam-
ined for infection by Aspergillus spp. This was done
by plating on filter paper 75 surface-sterilized seeds
of each genotype in two replicates of the tr ial . H igh
humidity was maintained by adding disti l led water to
the plates to keep the filter paper moist. After 6 days
of incubation, the number of seeds colonized by A.
flavus and A. niger were recorded.
Crop growth rate
Growth rates varied threefold between the best and
the poorest environment, and among genotypes, but
the variation among genotypes within the environ-
ments was generally smaller. However, the perfor-
mances of individual genotypes across environments
were usually consistent (as indicated by the high r2
values in the Finlay and Wilk inson stability analysis)
(Table 2).
Early lines. The C of l C G V - S M 83033 ( ICGMS 33)
was above average (Fig. 1) in all the five environ-
ments, while that of I C G V - S M 85045 ( ICGMS 68)
was below average in all environments, particularly
so in the control environment of Experiment 1. The
western Afr ican released (and drought tolerant) cv
55-437 was average for C in the best environment but
tended to be better than average in the treatments that
resulted in low C. However, 796, another western
Afr ican released l ine, was below average for growth
rate. ICGV 86047, which was bred in India, was con-
sistently better than average across each environment.
Medium and late lines. I C G V - S M 83708 ( ICGMS
42) and the western Afr ica cv 28-206 had similar C 
across the environments (Fig. 2), which was almost
double the average of the control treatment but only
slightly better than the average of the driest treatment.
The other lines, i.e., I C G V - S M 83005 ( ICGMS 5),
I C G V - S M 85038 ( ICGMS 63), and ICGV 87123
were very close to average across the environments,
but it should be noted that there was considerable
instability reflected in the lower r2 of their regressions
on the mean yields under different environments (Ta-
ble 2).
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Partitioning
In the second experiment, par t i t ioning coefficients
were, generally speaking, high (around 0.90) for both
Results
The yields and estimated values of C and p for the
genotypes in each of the environments showed that in
all the five water-supply environments there was con-
siderable diversity, and the environments highlighted
different attributes of the genotypes. Because of the
differences that existed in t ime-to-maturity between
genotypes, we have grouped the genotypes as early
maturing and medium/late maturing for comparison.
Yields
Yields of pod, seed, and haulm in all these environ-
ments are shown in Table 1. Significant differences in
yield were found between genotypes. Pod yields were
the highest in the rainy season control treatment,
whereas haulm yields were the highest in the the dry-
season control treatment.
Table 1. Performance of selected genotypes in drought simulation trials, I C R I S A T Sahelian Center, Sadore, Niger, 1989
1
.
Genotype
I C G V 86047
796
55 -437
I C G V - S M 83033 ( I C G M S 33)
I C G V - S M 85045 ( I C G M S 68)
I C G V 87123
I C G V - S M 83005 ( I C G M S 5 )
I C G V - S M 85038 ( I C G M S 63)
2 8 - 2 0 6
I C G V - S M 83708 ( I C G M S 42)
SE
Mean (35 cvs)
C V ( % )
I r r iga t ion treatment 2 
1
3.11
2.18
2.00
4.19
3.13
2.61
3.69
3.95
6.20
5.57
±0.26
3.58
18
2 3 4
Hau lm y ie ld ( t ha - 1)
1.99
1.36
1.77
2.94
2.52
2.16
2.72
2.85
4.06
3.60
±0.26
2.42
18
1.56
1.24
1.50
1.91
1.98
1.93
2.16
2.66
3.12
2.90
±0.26
1.79
18
0.92
0.84
0.73
1.26
1.10
1.18
1.29
0.47
1.22
0.78
±0.12
1.06
21
5
0.80
0.57
0.60
0.95
0.81
0.69
0.64
0.55
1.24
1.08
±0.11
0.85
26
1
1.41
1.72
1.44
0.78
1.46
1.80
1.21
1.19
1.23
1.42
±0.10
1.24
28
2 3 4
Pod y ie ld ( t ha - 1 )
0.58
0.61
0.61
0.33
0.51
0.58
0.49
0.26
0.39
0.34
±0.10
0.52
28
0.35
0.38
0.26
0.18
0.32
0.29
0.13
0.09
0.16
0.17
±0 .10
0.23
28
1.22
1.15
0.99
1.30
1.25
1.34
0.86
0.67
1.15
0.87
±0.11
1.10
19
5
1.07
0.84
0.86
0.99
0.88
0.82
0.57
0.47
0.66
0.88
±0.10
0.84
23
Mean
days to
harvest
100
101
101
103
103
108
108
110
118
119
± 0.4
108
1
1. 6 x 6 latt ice w i t h 4 - 6 repl icates, p lo t size 2.25 m2 (p re ra iny season) and 7.5 m2 ( ra iny season).
2. T rea tmen t 1 = I r r i ga ted eve ry 5 days ; p re ra iny season.
Trea tment 2 = I r r iga ted every 10 days ; p re ra iny season.
T rea tmen t 3 = I r r i ga ted eve ry 15 days; p re ra iny season.
Trea tment 4 = I r r iga ted th rough to ma tu r i t y ; ra iny season.
Trea tment 5 = No i r r i ga t i on at the end of the season; ra iny season.
3 . N u m b e r s in parentheses are Ares in t rans fo rmed values.
Continued.
Table 1. Performance of selected genotypes in drought simulation trials, I C R I S A T Sahelian Center, Sadore, Niger, 1989
1
. Continued. 
Genotype
I C G V 86047
796
55 -437
I C G V - S M 83033 (1CGMS 33)
I C G V - S M 85045 ( I C G M S 68)
I C G V 87123
I C G V - S M 83005 ( I C G M S 5)
I C G V - S M 85038 ( I C G M S 63)
2 8 - 2 0 6
I C G V - S M 83708 ( I C G M S 42)
SE
Mean (35 cvs)
C V ( % )
Ir r igat ion treatment2
1
0.62
0.58
0.77
0.19
0.50
0.86
0.30
0.45
0.32
0.53
±0.05
0.40
40
2
0.21
0.26
0.26
0.09
0.15
0.21
0.10
0.01
0.09
0.08
±0.05
0.15
4 0
3
Seed y ie ld (t ha - 1 )
0.10
0.16
0.08
0.04
0.08
0.13
0.02
0.00
0.00
0.03
±0.05
0.06
40
4
0.78
0.72
0.69
0.84
0.84
0.85
0.54
0.41
0.73
0.55
±0.08
0.66
24
5
0.78
0.62
0.58
0.54
0.57
0.53
0.37
0.27
0.43
0.54
±0.07
0.51
28
4 5
A.flavus
infestation (%)
8(16)3
4(12)
2( 8)
21(27)
41(40)
11(20)
19(26)
5(12)
12(20)
57(49)
(±5)
14(19)
(40)
4(12)
1( 5)
1( 5)
2( 6)
9(17)
3( 9)
3( 7)
32(34)
3(10)
83(69)
(±5)
9(14)
(40)
4 5
A. niger 
infestat ion (%)
33(35)
28(30)
41(40)
37(36)
66(56)
65(54)
63(53)
92(74)
45(42)
83(66)
±11(±7)
51(46)
(36)
26(31)
10(18)
10(18)
23(28)
31(33)
17(25)
25(30)
48(44)
34(35)
81 (67)
±11 (±7)
46(33)
(36)
1 . 6 x 6 latt ice w i t h 4 - 6 rep l ica tes, p lo t size 2.25 m 2 (p rera iny season) and 7.5 m 2 ( ra iny season).
2. T rea tment 1 = I r r iga ted every 5 days; p re ra iny season.
Treatment 2 = I r r iga ted every 10 days; p re ra iny season.
Trea tment 3 = I r r iga ted every 15 days; p re ra iny season.
Trea tment 4 = I r r iga ted th rough to ma tu r i t y ; rainy season.
Trea tment 5 = No i r r i ga t i on at the end of the season; rainy season.
3. N u m b e r s in parentheses are A r c s i n t rans fo rmed values.
the water treatments; however, in the first experiment,
the mean part i t ioning showed that there was a steady
decline as the treatments became less favorable (Figs.
3 and 4) . Part i t ioning of genotypes across these treat-
ments demonstrated considerable variat ion, and the
responses di f fered f rom those observed for C in that
some very strongly curv i l inear patterns were ob-
served, whi le the C were usually l inearly related to
the treatment means. The part i t ion coefficients above
1.0 (Fig. 3) indicate that either the assimilate already
formed in the leaves is being translocated to the pods,
or that the leaves are being shed before maturity.
Ear ly genotypes. The par t i t i on ing response of
l C G V - S M 85045 ( ICGMS 68) was average and that
of I C G V - S M 83033 ( ICGMS 33) wel l below average
(Fig. 3), except in the rainy-season experiments when
the variabi l i ty among genotypes was much smaller. In
contrast to this, the Sahelian lines (55-437 and 796)
were substantially better than average over al l the
three environments of Experiment 1. I C G V 86047
from ICRISAT Center was consistently better than
average over all the environments.
Medium and late genotypes. In al l the environ-
ments, the ICGMS selections were below average in
their part i t ioning (Fig. 4) . The same applies to the
western Af r ican line 28-206. However, I C G V 87123
from ICRISAT Center was found to be consistently
above average across al l the environments.
Seed colonization was high in all the genotypes in
both irr igated and end-season draughted treatments
(Table 1). I C G V - S M 83708 ( I C G M S 42) was the
most infected by A.flavus (49% in the irrigated treat-
ment and 6 9% in the other treatment). The least infec-
ted line was the western Af r ican cv 55-437, which is
known for its resistance to A.flavus (Zambettakis et
al. 1981). A l l the lines tested were susceptible to A.
niger but the lines f rom SADCC were infected ap-
proximately twice as severely as the western Af r ican
lines were.
Discussion
Before we consider the C and p of varieties, we
should consider the factors that influence these pa-
rameters in the test environments created by different
irr igat ion treatments. Where water is in short supply,
crop growth rate is the outcome of (a) the crops'
abi l i ty to take up water and (b) the ratio of water used
to carbon assimilated (Passioura 1977). The di f fer-
ences between genotypes and environments reflect the
abil i ty of genotypes to initiate enough f ru i t to uti l ize
the carbon assimilates available. Duncan et al. (1978)
showed that groundnut yields in Flor ida, USA, were
associated w i th changes in p. In our experiments, we
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Table 2. Regression parameters for the relationship of genotype crop growth rate (C ) and partit ion on mean crop
growth rate and partit ioning, I C R I S A T Sahelian Center, Sadore, Niger, 1989.
Genotype
I C G V - S M 85045 ( I C G M S 68)
55-437
I C G V 86047
796
I C G V - S M 83033 ( I C G M S 3 3 )
I C G V - S M 83005 ( I C G M S 5)
I C G V - S M 83708 ( I C G M S 42)
I C G V - S M 85038 ( I C G M S 63)
I C G V 87123
28 -206
C regression parameters
a
0.165
0.246
0.095
0.011
0.237
- 0 . 1 1 5
- 0 . 3 9 5
- 0 . 3 1 4
0.095
- 0 . 3 5 3
b1
0.798
0.921
1.011
0.913
0.954
1.055
1.418
1.119
1.011
1.490
r2
99
98
94
94
94
89
80
66
94
88
Part i t ion regression parameters
a
0.035
- 0 . 4 6 2
0.171
0.038
0.237
- 0 . 1 0 3
- 0 . 2 2 5
- 0 . 2 5 6
0.087
- 0 . 2 4 2
b1
1.018
3.831
0.950
0.263
0.599
1.059
1.248
1.269
1.021
1.208
b2
- 2 . 3 7 5
- 1 . 3 2 9
1.499
r2
97
99
99
99
99
98
99
97
98
96
Infection by Aspergillus flavus and
Aspergillus niger 
exposed the crops to high temperature, low humidity,
and inadequate water supply, either throughout the
crops' l i fe or only towards the end. Even in the fu l ly
irr igated summer crop, the plants were subjected to
low humidi ty and high temperatures. Despite the high
crop-growth rates in this environment, the failure in
producing enough pods to uti l ize the available water
resulted in lower yields than in the rainy season when
the C was lower but p was higher. Temperatures
above 33oC have been shown to reduce flower devel-
opment (Fortanier 1957; de Beer 1963). The tolerance
of reproductive processes to high temperatures is cer-
tainly a desirable attribute in drought-prone areas,
considering the association of drought wi th higher
plant and atmospheric temperatures. The high part i -
t ioning observed in both the end-season drought and
the control of Experiment 2 is to be expected because
of the pr ior i ty that established pods have for assimi-
lates in the event of assimilate shortage (Wi l l iams et
al. 1976). In the rainy season control treatment, the
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Figure 1. Crop growth rate ( C G R ) of selected groundnut genotypes over five drought environments,
I C R I S A T Sahelian Center, Sadore, Niger, 1989.
2.5
2.0
1.5
1.0
0.5
0.0
Env i ronment mean C G R
0.4 0.8 1.2 1.6 2.0 2.4
I C G V - S M 83033
( I C G M S 33)
55-437
I C G V 86047
796
M e a n of 35 genotypes
I C G V - S M 85045 ( I C G M S 68)
high part i t ioning of the genotypes discussed is consis-
tent wi th their abi l i ty to y ie ld well in nonstressed
environments (Duncan et al . 1978).
The varieties compared in this paper provide some
interesting insights into the processes that lead to high
yields and adaptation to the areas where they o r ig i -
nate. Genera l ly , a l l those genotypes w i t h known
drought tolerance (55-437, I C G V 87123, and 796)
had C that was close to or sl ight ly above the average
in all the environments. A lso , they were substantially
better in part i t ioning in Experiment 1, where tempera-
ture and drought stress occurred dur ing the reproduc-
tive init iation stage. In contrast, cv 28-206, which
was released for the more humid zones of western
Afr ica, was lower than average in part i t ioning and
had above-average growth rate. This, we believe, is
because the longer vegetative phase and the lower
part i t ioning al lowed more root growth, which led to
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Figure 2. Crop growth rate ( C G R ) of selected groundnut genotypes over five drought environments,
I C R I S A T Sahelian Center, Sadore, Niger, 1989.
Env i ronmen t mean C G R
0.4 0.8 1.2 1.6 2.0 2.4
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
M e a n of 35 genotypes
I C G V - S M 83005 ( I C G M S 5 )
I C G V - S M 83708 ( I C G M S 42)
I C G V - S M 85038 ( I C G M S 63)
I C G V 87123
28-206
increased water uptake, resulting in the higher growth
rate.
The generally poor part i t ioning of the SADCC/
ICRISAT Groundnut Project (Malawi) lines in the
early droughts must be a cause for concern since it
indicates that this material is much more vulnerable
to these stresses. One could argue that since the
SADCC/ ICRISAT Groundnut Project lines are pro-
v ing to be successful in the region, the stresses en-
countered in western A f r i ca are not common in
southern Af r i ca . However, droughts are a serious
problem in many areas in the SADCC region. Since,
from the evidence of western Af r ica genotypes, it is
possible to have these stress-resistant attributes in
lines w i th good part i t ioning in nonstressed condi-
tions, we feel that a deliberate effort to introduce sta-
bi l i ty for part i t ioning under stress conditions into the
breeding and evaluation program would be beneficial.
The method that we have employed here is relatively
simple and does not require sophisticated equipment.
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Figure 3. Partitioning of selected groundnut genotypes over five drought environments, I C R I S A T
Sahelian Center, Sadore, Niger, 1989.
Mean par t i t ion ing coefficient
0.0 0.2 0.4 0.6 0.8 1.0
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0.8
0.6
0.4
0.2
0.0
Mean of 35 genotypes
55-437
I C G V - S M 85045 ( I C G M S 68)
I C G V 86047
796
I C G V - S M 83033
( I C G M S 33)
We feel that analyses, such as we have undertaken,
could be a valuable addit ion to the SADCC/ ICRISAT
Groundnut Project ( M a l a w i ) c rop improvement
process.
The observed levels of resistance to A. flavus show
that wi th in the I C G M S lines there is considerable
variabi l i ty in this resistance. Clearly, w i th increased
emphasis on screening, resistant materials could be
developed w i th in the SADCC/ ICRISAT Groundnut
Project. However, whi le the levels of resistance dem-
onstrated by the western Af r ican lines are generally
higher than those in the SADCC/ ICRISAT Ground-
nut Project l ines, it is possible that these lines are
more resistant to the local strains of fungi. Therefore,
these results should be confirmed in the region before
further action is taken. The same consideration would
seem to apply to A. niger, which affects seed quality
of groundnut, reduces germination, and causes crown
rot or seedling disease.
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Figure 4. Partitioning of selected groundnut genotypes over five drought environments, I C R I S A T
Sahelian Center, Sadore, Niger, 1989.
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Freire: Do you think that drought screening dur ing
the dry/cool season can be used wi th a good degree of
reliabil i ty?
Ndunguru: We attempted to screen for drought at
ICRISAT Sahelian Center dur ing the co ld season
without much success. Hence, all our screening for
drought is carried out either dur ing the hot season or
during the rainy season by sowing date.
Hi ldebrand: W h y d id cold-season screening for
drought resistance in Niger fail?
Ndunguru: Temperatures were decreasing and these
low temperatures may have resu l ted in evap-
otranspiration rates that were too low to allow imposi-
t ion of sufficiently severe drought treatments.
Schmidt: I am impressed by the varietal differences
in drought tolerance. The question is, whether there is
a complication by differences in vegetative growth or
leaf area leading to differences in moisture consump-
t ion. This may result in differences between varieties
wi th regard to optimal spacing. Would the differences
in drought resistance st i l l exist w i th each variety
sown at its optimal spacing?
Ndunguru: The experiments have been conducted
dur ing one season only and the question of optimal
spacing has not yet been included.
Mande: How d id you determine the quantity of wa-
ter to be applied in the irrigated treatments and when
did you start irr igating?
Ndunguru: The quantity of irr igation given was cal-
culated by estimating the potential evapotranspiration
(PET) according to the Penman equation and mul t i -
p ly ing this figure by 5. In al l the treatments, irr igation
started 3 weeks after emergence.
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Abstract
Rust (Puccinia arachidis Speg.) and late leaf spot (Phaeoisariopsis personata) are the most important 
fungal diseases of groundnut (Arachis hypogaea L.) worldwide. Simple and effective screening 
methods for resistance to these diseases have been developed at the International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT) Center, India. Over 12000 germplasm lines from all 
over the world have been successfully screened for these two diseases from 1977 to 1990 and several 
sources of resistance to these diseases have been identified. Components of resistance to the two 
diseases were investigated and the stability of resistance to the diseases established through multi-
locational trials. Most of the germplasm lines resistant to these diseases are not agronomically 
acceptable. Hence, a large-scale hybridization program was initiated and several high-yielding, 
agronomically superior lines with resistance to the two diseases were bred. Several accessions of 
wild Arachis species were found to be immune or highly resistant to the two diseases. Cytogenetic 
research incorporating these resistances into cultivated groundnut has been very successful in 
developing high-yielding, disease-resistant lines. The progress made on these aspects at ICRISAT 
Center is briefly discussed and future research needs are presented. 
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todo o mundo, foram avaliadas com sucesso para estas ducts doengas, desde 1977 a 1990. Vdrias 
fontes de resistencia a estas doencas foram identificadas. Atraviz de ensaios multi-locais, os 
componentes da resistencia a estas duas doengas foram investigados e a estabilidade da resistincia 
a estas doengas estabelecida. A maior parte das linhas de germoplasma resistentes a estas doengas 
nao sao agrondmicamente aceitdveis. Assim, urn programa de hibridacao de larga escala foi 
iniciado e vdrias linhas de alto rendimento, agrondmicamente superiores, resistentes a estas duas 
doengas foram cruzadas. Determinou-se que vdrias aquisigoes de especies selvagens de Arachis
sao imunes ou altamente resistentes a estas duas doengas. Investigagao citogenetica, incorporando 
estas resistincias no amendoim cultivado, tern sido hem sucedida no desenvolvimento de linhas de 
alto-rendimento, resistentes a doengas. O progresso feito nestes aspectos, no ICRISAT-Centro, e 
brevemente discutido e as necessidades de investigagdo futura sao apresentadas. 
Introduction
Rust (Puccinia arachidis Speg.) and late leaf spot
[Phaeoisariopsis personata (Berk. & Curt.) v. A r x ]
are the most serious fungal diseases of groundnut
(Arachis hypogaea L.) on a wor ldwide scale (Sub-
rahmanyam et al,. 1985b; McDona ld et a l . 1985). Both
diseases are commonly present wherever groundnut
is grown, but their incidence and severity vary among
localities and seasons. Y ie ld losses are generally sub-
stantial when the crop is attacked by both rust and late
leaf spot. At ICRISAT Center, India, both diseases
normal ly occur together causing severe damage to
foliage and occasioning yield losses as high as 70%
(Subrahmanyam et al. 1984). A l though rust and late
leaf spot can be control led effectively by certain fun-
gicides (Smith and L i t t re l l 1980), it is not economi-
cal ly feasible for the vast major i ty of small-scale
farmers in the semi-arid tropics (SAT). Hence, deve-
loping high-yielding, disease-resistant cult ivars and
making them available to farmers is one of the best
means of reducing the y ie ld losses f rom these dis-
eases (Gibbons 1980). Recognit ion of this has st imu-
lated research in many countries to exploit host-plant
resistance to rust and late leaf spot.
In this paper, the progress made on breeding for
resistance to rust and late leaf spot diseases by a 
mult idiscipl inary research team at ICRISAT Center is
brief ly reviewed, and future research strategies are
discussed.
Screening Methods
use in areas where natural disease pressure is high or
where such pressure can be art i f ic ial ly created. Ge-
notypes to be screened are sown in replicated plots
wi th infector rows of highly susceptible cultivars on
either side. To enhance disease development, plants in
infector rows are inoculated wi th spore suspensions.
This is most successful if done in the evening, fo l low-
ing irr igat ion. Addit ional late leaf spot inoculum is
provided by scattering leaf debris collected f rom the
previous season's diseased crops along the infector
rows. Potted spreader plants heavily infested wi th rust
or late leaf spot are also p laced systemat ica l ly
throughout the field to provide further sources of in -
oculum. When necessary, to obtain one disease w i th -
out the other , i n fec to r rows are sprayed w i t h
carbendazim to control leaf spot or w i th tr idemorph
to control rust. Depending on the cl imatic conditions,
fields may be irrigated using overhead sprinklers until
harvest. Some 10 days before harvest each genotype
is scored for the development of rust and late leaf spot
using a 9-point scale (Subrahmanyam et al . 1982a,
1982b).
Screening of germplasm for resistance to rust and
late leaf spot can also be done on a l imi ted scale in the
greenhouse using potted plants, or in the laboratory
using detached leaves, by measuring one or more
components of disease resistance such as incubation
period, infection frequency, lesion diameter, percent-
age leaf area damage, defol iat ion, and sporulat ion
(Subrahmanyam et al. 1982b, 1983a, and 1983b). A 
greenhouse or laboratory screening method could be
useful in areas where rust and late leaf spot epidemics
do not occur regularly or where other fol iar diseases
interfere w i th field screening. However, these tech-
niques are of l imi ted use in ident i fy ing moderate
levels of resistance.
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Effective screening methods have been developed for
Sources of Resistance
At ICRISAT Center, a wor ld collection of over 12 000
germplasm lines has been screened in the field against
rust and late leaf spot dur ing the period 1977-89, and
124 rust-resistant, 54 late leaf spot resistant, and 29
rust and late leaf spot resistant germplasm lines were
identified (Table 1). These include 14 rust-resistant
germplasm lines jo in t ly released by the United States
Depar tment o f Ag r i cu l t u re and I C R I S A T (Sub-
rahmanyam and McDona ld 1983). It is interesting
that most of the rust and/or late leaf spot resistant
genotypes have originated in Peru (Subrahmanyam et
al. 1989), which is believed to be one of the secondary
gene centers of cultivated groundnut (var. hypogaea 
and var. fastigiata) (Gregory et al . 1980).At ICRISAT
Table 1. Sources of resistance to both rust and late leaf spot in groundnut available at I C R I S A T Center ( in 1989).
ICG No. 1
1703
1707
1710
2716
3527
4747
4995
6022
6330
6340
7013
7881
7884
7885
7886
7894
7897
10010
10023
10028
10029
10035
10889
10915
10936
10940
10941
11182
11485
Identity
N C Ac 17127
N C Ac 17132
N C Ac 17135
EC 76446 (292)
USA 63
PI 259747
NC Ac 17506
N C Ac 927
PI 270806
PI 350680
NC Ac 17133-RF
PI 215696
PI 341879
PI 381622
PI 390593
PI 393641
PI 405132
PI 476143
PI 476152
PI 476163
PI 476164
PI 476172
PI 476016
PI 476148
PI 476168
PI 476173
PI 476174
PI 476015
Susceptible control cul t ivars
221
799
T M V 2 
Robut 3 3 - 1
Arachis
type/variety
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
hypogaea
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
fastigiata
vulgaris
hypogaea
Seed color
Variegated
Purple
Dark purple
Dark purple
Purple
Purple
Purple
Purple
Tan
Dark purple
Dark purple
Dark purple
Purple
Purple
Tan
Variegated
Purple
Variegated
Tan
Purple
Tan
Purple
Red
Variegated
Dark purple
Variegated
L ight purple
Tan
L igh t purple
Tan
Tan
Or ig in
Peru
Peru
Peru
Uganda
USA
Peru
Peru
Sudan
Zimbabwe
Honduras
India
Peru
Israel
Honduras
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
Peru
India
India
Disease score2
Rust
4.7
4.0
4.0
3.3
4.7
3.7
4.3
4.0
2.1
3.0
3.3
4.3
3.0
3.0
4.7
4.0
2.7
4.0
4.3
4.7
4.3
4.0
3.3
2.3
4.3
2.3
4.7
2.7
5.0
8.3
7.7
Late leaf spot
5.0
4.0
4.0
4.7
4.7
4.0
4.3
4.0
3.3
4.0
4.0
3.7
3.7
4.3
3.3
4.7
4.0
5.0
4.7
5.0
5.0
3.7
4.3
5.0
4.0
5.0
4.7
5.0
3.7
8.0
7.3
1. I C R I S A T groundnut accession number .
2. Scored on a m o d i f i e d 9-po in t disease scale, where 1 = 0 % , 2 = 1 to 5%,3 = 6 to 10%, 4 = 11 to 2 0 % , 5 = 21 to 3 0 % , 6 = 31 to 4 0 % , 7 = 41 to
6 0 % , 8 = 61 to 8 0 % , and 9 = 81 to 100% fo l iage destroyed; I C R I S A T Center, ra iny season 1989.
87
eases Nursery. The results obtained indicate that rust
and late leaf spot resistances of most genotypes are
stable over a wide range of geographic locations but
the genotype NC Ac 17090 is highly resistant to rust
at ICRISAT, only moderately resistant in the People's
Republic of China, and susceptible in Taiwan. In con-
trast, the genotype PI 298115 is only moderately resi-
stant at ICRISAT, and highly resistant in the People's
Republic of China and Taiwan. Al though this indi -
cates the possibil ity of variation in the pathogen, there
is no authenticated repor t of the occurrence of
pathotypes.
Most rust and late leaf spot resistant germplasm lines
have undesirable pod and seed characters such as
dark testa and heavily reticulated pods. At ICRISAT
Center, more than 1000 single, two-way, and three-
way crosses were made between lines w i th good
agronomic characters and lines resistant to rust and/or
late leaf spot. Large F2 populations, and subsequent
generations, were grown in the field dur ing the rainy
season and screened for resistance using the infector
row method. Several high-yielding agronomically su-
perior lines w i th high levels of resistance to rust and
moderate levels of resistance to late leaf spot were
bred by pedigree and mass pedigree methods (Reddy
et al. 1984). Backcrossing was also used in a few
instances to improve pod, seed, and plant characters.
Several of these resistant lines outyielded released
susceptible cultivars when tested in mult i locational
trials (Table 2), and some are in advanced stages of
testing in several countries. For example, the h igh-
yielding varieties ICG (FDRS) 4 and ICG (FDRS) 10
resistant to rust and moderately resistant to late leaf
spot w i l l soon be released for cult ivation in the penin-
sular zone of India.
Ear ly generation breeding materials have been
freely distributed to scientists in national and interna-
tional programs to enable them to carry out further
selection in situ under local agroclimatic conditions.
This has resulted in a successful development and
release of some rust and late leaf spot resistant
groundnut varieties such as Girnar 1, D O R 18-10, and
A L R 1 in India.
Cytogenet ic research incorporat ing resistances
from w i l d Arachis spp into the cultivated groundnut
has also resulted in many resistant l ines. The w i l d
Arachis spp resistant to rust and/or late leaf spot are
dip lo id, and groundnut cult ivars are tetraploid. Tetra-
Stabil ity of host resistance over space and t ime is an
important breeding objective. Some of the rust and/or
late leaf spot resistant genotypes identif ied at I CR I -
SAT Center are being tested in different locations of
the SAT in the International Groundnut Fol iar Dis-
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Center, several accessions of w i l d Arachis spp were
also systematically evaluated for their reactions to
rust and late leaf spot in the field and in the labora-
tory. Many of the species were found to be immune/
highly resistant to rust and/or late leaf spot (Sub-
rahmanyam et al. 1983c and 1985a).
Ured in iospores germinate and germ tubes enter
through stomata irrespective of whether a genotype is
immune, resistant, or susceptible to rust. Rust resis-
tance is not correlated w i th either the frequency or the
size of stomata. Differences in resistance are associ-
ated wi th differences in rate and extent of mycelial
development w i th in the substomatal cavity and wi th in
leaf tissues. In immune Arachis spp the fungus dies
shortly after entering the cavity. The rust resistance
available at present in the cultivated groundnut is of
the "s low-rust ing" type, i.e., resistant genotypes have
decreased infection frequency, increased incubation
periods, and reduced pustule size, spore production,
and spore germinabi l i ty (Subrahmanyam et al. 1983a
and 1983b). The extent of rust damage to foliage is
dependent on the phys io log ica l age of the plant.
Young plants are most susceptible to rust attack and
the susceptibility declines w i th age (Subrahmanyam
et al . 1982a).
Late leaf spot resistance is also not correlated w i th
either the frequency or the size of stomata. Resistance
to the late leaf spot pathogen also operates through
prolonging incubation and latent periods, and reduc-
ing infection frequency, lesion size, sporulation, and
defoliat ion (Subrahmanyam et al . 1982b).
The effects of these components of resistance to
rust and late leaf spot are cumulative over the course
of a disease epidemic. In general, on resistant ge-
notypes, the disease appears late, bui lds up only
slowly, and does l i t t le apparent damage to the foliage,
as evidenced by the lower rates of disease develop-
ment ( r ) and area under the disease progress curve
(AUDPC) .
Stability of Resistance
Components of Resistance
Utilization of Resistance
several high-yielding lines w i th resistance to rust and/
or late leaf spot were developed (Moss 1985; Singh et
al. 1987).
The level of resistance to late leaf spot in w i l d
species, and in derivatives of crosses between cul t i -
vated and w i l d species, was higher than in A. hypo-
gaea. Crosses w i th A. cardenasii have produced many
superior derivatives. L ine 259-2 was rated 2 on a 1-9
scale for late leaf spot, and withstood a severe infec-
t ion when most other resistant material were heavily
damaged. It also showed some tolerance of early leaf
spot (Cercospora arachidicola Hor i ) in a prel iminary
tr ial at Pantnagar in northern India.
In addit ion to resistance to fol iar diseases, the de-
rivatives had good pod yields. Many lines yielded
over 3 t ha -1, compared w i th 1.7 t ha - 1 for Robut 3 3 - 1 .
Yields of over 8 t ha-1 of dr ied haulm have also been
produced. For ty - four consignments of der ivat ives
have been sent to 21 countries for screening and for
use in crossing programs. ICRISAT breeders have
used 53 derivatives in 249 cross combinations in
groundnut improvement.
In addition to resistance to late leaf spot and to
rust, some species in sections Rhizomatosae and
Erectoides are resistant to early leaf spot. Intersec-
tional hybrids between these species and species of
section Arachis have been established using embryo-
rescue techniques. These interspecific hybrids w i l l be
par t icu lar ly useful for early leaf spot resistance
breeding programs because of lack of adequate levels
of resistance to th is disease in the cu l t i va ted
groundnut.
Genetic studies of rust resistance were carried out at
ICRISAT Center. The F2 plants segregated in the ratio
of 15:1, suggesting that resistance to groundnut rust is
governed by dupl icate recessive genes. However,
quantitative genetic analysis of parents, F1, F2 , BC1 ,
and B C 2 generations of rust-resistant x susceptible
crosses of the cultivated groundnut using generation
mean analysis (Jinks and Jones 1958) indicated that
rust resistance is predominantly controlled by addi-
t ive, additive x additive, and additive x dominance
gene effects. Duplicate epistasis was observed both
for rust disease scores and for leaf area damage
(Reddy et al . 1987). Further studies are required to
show conclusively if rust resistance is governed by
two or three major genes or by many genes. W i l d
Arachis spp may have mechanisms of rust and/or late
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plo id segregating populations were produced by i n -
corporat ing genes f rom w i l d Arachis spp and by
screening for resistance. By backcrossing w i th the
cult ivated groundnut, and by screening for resistance,
Table 2. Performance of some best groundnut entries in
the International Fol iar Diseases Resistance Groundnut
Varietal Tr ia ls conducted in seven countries, 1985-89.
Country
Bangladesh
SE
C V (%)
Myanmar
SE
C V (%)
India
SE
C V (%)
The Phi l ippines
SE
C V (%)
Sudan
SE
C V (%)
Swazi land
SE
C V (%)
Thai land
SE
C V (%)
Variety
I C G V 87183
Contro l
Dacca 1 
I C G V 87179
Contro l
Japan Ka lay
I C G V 86687
Control
ICGS 11
I C G V 87184
Control
B P I PN-9
I C G V 87152
Control
K i r i z
I C G V 87157
Control
Natal Common
I C G V 87358
Control
Tainan 9 
Pod y ie ld
(t ha - 1 )
3.62
1.58
±0.26
24
1.73
0.14
±0.12
23
2.30
0.88
±0.16
20
3.06
1.45
±0.40
32
4.84
4.39
±0.37
18
2.37
1.63
±0.22
21
3.92
2.16
±0.31
20
leaf spot resistance that di f fer f rom those in the cu l t i -
vated groundnut. In some d ip lo id w i l d Arachis spp,
rust resistance appears to be par t ia l l y dominant
(Singh et al . 1984), unlike in the cult ivated groundnut
(Nigam et al. 1980), indicating that different genes
may be involved. Combination of these resistances
may result in more stable resistance in the cultivated
groundnut.
Resistance to late leaf spot is recessive and quan-
titatively inherited, and is determined by alleles at
f ive loc i .
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their geographical distr ibut ion is also necessary for a 
successful breeding program.
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Subrahmanyam: Most (90%) of the rust and/or late
leaf spot resistant genotypes available f rom ICRISAT
Center are f rom South Amer ica. We have the records
of the botanical types for al l germplasm lines but I 
can't say what the percentages are r ight now.
Doto: In your slide presentation, differences between
susceptible, resistant, and immune genotypes to rust
have been attributed to differences in mycel ial devel-
opment. What is the factor responsible for such dif-
ferences in development (myce l ia l ) in the three
different genotypes?
Subrahmanyam: Suberization in immune genotypes
takes place immediately when mycelia get in contact
wi th host cells. Five phenolic compounds have also
been identified as factors responsible for resistance.
Ndunguru: Do you see any potential for the FDRS
lines to be released as pasture material since they
produce high yields of haulms?
Subrahmanyam: Some interspecific hybr id deriva-
tives developed at ICRISAT Center may have good
potential as pasture material.
Discussion
Chigwe: Most of the accessions identified as resistant
to rust or late leaf spot are of the fastigiata; very few
or none f rom hypogaea, vulgaris, and hirsuta. How
extensive has the germplasm collection been in order
to identify genotypes f rom the other varieties/types
which are resistant to the diseases? Does ICRISAT
have a record of the botanical types of a l l its
collections?
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Prevalence of Groundnut Diseases and Extent of Yield
Losses Due to Leaf Spot Diseases in Zambia
Abstract
During 1987/88 and 1988/89 cropping seasons, roving surveys were conducted to determine preva-
lence and importance of groundnut (Arachis hypogaea L.) diseases in the major groundnut-growing 
areas of Zambia. Surveys of 13 districts in five provinces revealed that early leaf spot (Cercospora
arachidicola), late leaf spot (Phaeoisariopsis personata), rust (Puccinia arachidis), groundnut ro-
sette, and groundnut streak necrosis were important diseases. Of these, both early leaf spot and late 
leaf spot were the most damaging to groundnut crops than other diseases. Avoidable seed yield 
losses because of these two diseases (mostly because of early leaf spot) in five seasons (1984-89) 
ranged from 32% to 68%. However, the extent of such losses was found to vary among cultivars and 
seasons.
Introduction (Cercospora arachidicola Hor i . ) and late leaf spot
[Phaeoisariopsis personata (Berk. & Curt.) v. Arx . ]
on the crop. Later, Raemakers and Preston (1977)
reported the outbreak of rust (Puccinia arachidis 
Speg.) in the 1974/75 cropping season in al l ground-
1. Legume Pathologist, Food Legumes Research Team, Msekera Regional Research Station, P.O. Box 510089, Chipata, Zambia.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
93
H.C. Haciwa
1
 and J. Kannaiyan
1
Diseases are a major constraint to groundnut (Arachis 
hypogaea L.) production in Zambia. Angus (1962-66)
reported several diseases inc luding early leaf spot
nut-growing areas of the country. Occurrence of web
blotch (Didymella arachidicola (Chock) Taber, Pettit
& Phi l ley), leaf scorch [Leptosphaerulina crassiasca 
(Sechet) Jackson & Be l l ] , leaf bl ight (Phomopsis sp),
mott le (peanut mott le v i rus) , streak necrosis (sun-
f lower yel low blotch virus), and m i l d mott le (cowpea
mi ld mottle virus) diseases were recorded on the crop
in recent years. Of these, early leaf spot (ELS) and
late leaf spot (LLS) are the most important diseases
(Kannaiyan et al. 1989). However, information was
lacking on the relative prevalence of various diseases
in different groundnut-growing areas of the country
and on the extent of seed y ie ld losses caused by leaf
spots. This paper summarizes results of a recent sur-
vey on these aspects in Zambia.
Methods
Disease surveys
Roving surveys were conducted in each season bet-
ween late March and early A p r i l when the crop was in
active pod-f i l l ing stage. In 1988, 31 farmers' fields
were inspected in seven districts of the Eastern Pro-
vince (the main groundnut-growing area of Zambia),
i.e., Chadiza, Chipata Nor th , Chipata South, Katete,
Lundazi , Mambwe, and Petauke. The 1989 survey
was conducted in 27 farmers' fields spread over three
districts o f Nor thern Province (Kasama, L u w i n g u ,
Mbala), and one district each f rom Luapula (Mansa),
Southern (Choma), and Western (Kaoma) Provinces.
Observations were recorded in groundnut f ields lo-
cated at 20 -30 km intervals. The data for each field
were recorded using a proforma. Severity of fungal or
viral diseases was scored visual ly on a 1-9 scale (1 = 
No disease, and 9 = 50-100% foliage damaged). The
mean score for each district was calculated and classi-
fied as low when the mean severity score was 1-3,
moderate when 4 - 5 , and severe when 6 -9 .
Data on the prevalence of important groundnut dis-
eases in various districts are summarized in Table 1.
The results show that both ELS and L L S were ob-
served in all the fields examined in the 1987/88 and
1988/89 cropping seasons. Combined infect ion in
most fields resulted in severe premature defoliation
leading ultimately to substantial seed y ie ld losses as
observed in the research station trials (Kannaiyan et
al. 1989).
The 1988 survey of the Eastern Province showed
ELS scores ranging from 3 to 8 and a moderate sever-
ity (4 -5) across the seven districts. LLS was moderate
in three and severe in the remaining four districts
(Chadiza, Katete, Mambwe, and Petauke). The rela-
tively greater severity of L L S compared to ELS ob-
served in farmers' fields in the Eastern Province was
in contrast to observations on trials at Msekera Re-
gional Research Station (located in Chipata South dis-
trict). The agronomic practices at the research station,
especially early sowing, may favor the early bui ld-up
of ELS to compete more strongly than L L S which
usual ly appears in the later stages of the crop
development.
In 1989, ELS severity ranged f rom 3 to 8 and the
district mean severities varied f rom moderate to se-
vere. L L S scores ranged f rom 2 to 8 and the district
mean severities were low to moderate. The higher
ELS severity recorded in the high-rainfal l region
(Luapula and Northern Provinces) agreed wi th sever-
ity recorded on research station trials. The low rain-
fall and warm conditions in the Southern and Western
Provinces appeared to inhibi t ELS and L L S severity,
even though the short-season (Spanish type) cult ivars
that are grown in that region are generally susceptible
to both leaf spots.
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(a prerelease high-yielding cult ivar) at Msekera Re-
gional Research Station in the Eastern Province dur-
ing five cropping seasons from 1984/85 to 1988/89. In
al l t r ia ls, the 'protected' treatment received three
sprays of benomyl (1 kg a.i. ha -1), thiophanatemethyl
20% + maneb 50% (1 kg a.i. ha 1 ) , or benomyl (250 g 
a.i. ha-1) + mancozeb (1.2 kg a.i. ha'1) about 50, 70,
and 90 days after sowing. The 'nonprotected' treat-
ment received only water sprays. The extent of loss
was estimated f rom the difference in seed yield bet-
ween 'nonprotected* and 'protected* treatments.
Results and Discussion
Disease surveys
Avoidable yield losses because of leaf
spots
To estimate avoidable seed losses by leaf spots
(mostly by ELS) , comparisons were made between
pro tec ted ' and 'nonprotected' treatments in rep l i -
cated field plots. These trials contained one or three
cult ivars; Chalimbana (the most popular), M G S 2 (a
recently released high-yielding cult ivar), and M G S 3 
Groundnut rust was only observed in 5 of the 13
districts surveyed and was rated low in Chadiza, Lun-
dazi (Eastern Province), Mansa (Luapula Province),
and Kaoma (Western Province) districts. Moderate
rust was observed in the Kasama district of Northern
Province. L o w severity and sporadic occurrence of
rust confirms the observations of Cole (1987) that
many groundnut-growing regions of southern Af r ica
are not opt imal for widespread rust epidemics. How-
ever, Kannaiyan et al. (1987) reported severe levels of
rust disease in the 1983/84 cropping season in re-
search trials and in farmers' fields in the Eastern
Province.
Fusar ium w i l t (Fusarium oxysporum Schlecht
emend Synd. & Hans.) and leaf scorch were observed
at low levels in most districts of Eastern Province
only. On the other hand, low to moderate severity of
web blotch was recorded only in the high-rainfal l
region (Luapula and Northern Provinces).
Among the viral diseases, groundnut rosette virus
(GRV) was recorded in all districts surveyed except
in Kasama and Luwingu (Northern Province), and
Kaoma (Western Province). However, its severity was
low. There was a serious incidence of G R V in the
1982/83 cropping season at Msekera Regional Re-
search Station (Sandhu et a l . 1985). Other viral dis-
eases recorded dur ing these surveys were groundnut
streak necrosis, peanut mott le, and m i ld mottle. A l l
these three virus diseases have only recently been
observed in Zambia. Peanut mottle virus disease was
present in the Eastern, Luapula, and Northern Pro-
vinces, whereas groundnut streak necrosis disease
(GSND) and m i ld mottle virus disease were restricted
to the Eastern Province. G S N D severity was mode-
rate in two districts (Chipata North and Petauke) and
low in four districts (Chipata South, Katete, Lundazi,
and Mambwe).
These surveys showed that ELS, L L S , rust, GRV,
and G S N D were the most important diseases in these
areas. Of these, ELS and L L S were the most wide-
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Table 1. Relative severity of some groundnut diseases in five provinces of Z a m b i a , 1987-89.
Province/
distr ict
Eastern
Chadiza
Chipata N 
Chipata S 
Katete
Lundazi
Mambwe
Petauke
Luapula
Mansa
Nor thern
Kasama
Luw ingu
Mba la
Southern
Choma
Western
Kaoma
Number o f
fields
observed
5
2
9
2
7
4
2
6
1
2
2
8
8
Mean disease severity1 and range2
Ear ly
leaf
spot
M ( 3 - 6 )
M ( 4 - 6 )
M ( 3 - 8 )
M ( 4 )
M ( 3 - 7 )
M ( 3 - 5 )
M ( 3 - 5 )
S(5 -7 )
M ( 4 )
S(4 -7 )
S(4-8 )
M ( 3 - 5 )
M ( 3 - 5 )
Late
leaf
spot
S(4 -7 )
M ( 3 - 5 )
M ( 2 - 8 )
S(7)
M ( 2 - 8 )
S(3-8 )
S(8)
M ( 3 - 6 )
M ( 4 )
M ( 3 - 6 )
L (2 )
M ( 2 - 8 )
L ( 2 - 3 )
Rust
L ( 1 - 3 )
N i l
N i l
N i l
L ( l - 3 )
N i l
N i l
L ( 2 - 6 )
M ( 5 )
N i l
N i l
N i l
L ( l - 3 )
Web
blotch
N i l
N i l
N i l
N i l
N i l
N i l
N i l
L ( 1 - 5 )
M ( 4 )
M ( 4 - 6 )
L ( 1 - 3 )
N i l
N i l
Rosette
virus
L ( 1 - 3 )
L ( l - 3 )
L ( l - 5 )
L ( 1 - 2 )
L ( 1 - 3 )
L ( 1 - 3 )
L ( 1 - 3 )
L ( 1 - 2 )
N i l
N i l
L ( 1 - 2 )
L ( l - 3 )
N i l
Groundnut
streak
necrosis
N i l
M ( 4 )
L ( 1 - 3 )
L ( l - 2 )
L ( 2 - 4 )
L ( 1 - 2 )
M ( 3 - 6 )
N i l
N i l
N i l
N i l
N i l
N i l
Peanut
mott le
v i rus
N i l
N i l
N i l
N i l
L ( 1 - 2 )
N i l
N i l
L ( 1 - 3 )
L (3 )
M ( 4 )
M ( 1 - 6 )
N i l
N i l
1. Scored on a 1-9 scale, where 1 = No disease, and 9 = 5 0 - 1 0 0 % of fo l iage destroyed.
2. S = Severe ( 6 - 9 ) , M = Moderate ( 4 - 5 ) , L = L o w (1 -3 ) .
three seasons (51-58%). This could have been be-
cause of the relatively less favorable environmental
conditions (especially rainfall) for leaf spot develop-
ment. These results con f i rm the observations of
McDonald et al. (1985) that leaf spots cause y ie ld
losses up to 50%.
These results show clearly that considerable var i -
abil i ty does occur in extent of avoidable yield losses
among seasons and cult ivars. Simi lar trials need to be
conducted to ascertain the relative economic impor-
tance of leaf spots in other agroecological regions of
Zambia.
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Avoidable yield loss because of leaf
spots
The avoidable seed y ie ld loss because of leaf spots
across five seasons and three cult ivars varied f rom
32% to 6 8 % (458-1302 kg ha -1) at Msekera Regional
Research Station (Table 2). Across seasons, the extent
of loss because of leaf spots tended to be higher
(54%) in the popular and relatively more leaf spots
susceptible cult ivar, i.e., Chalimbana than in the im -
proved high-yie ld ing and less leaf spots susceptible
cult ivars, M G S 2 and M G S 3 (41%).
The overall avoidable seed y ie ld loss was lower in
1986/87 (36%) and 1988/89 (32%) than the other
spread and caused severe damage to the crop. This
confirms our earlier assessment of the overall impor-
tance of leaf spot diseases in the country. Rust, G R V ,
and groundnut streak necrosis are potential ly impor-
tant diseases. Rust and rosette diseases are known to
cause occasional epidemics under favorable condi-
t ions in Zamb ia . Other diseases were o f m ino r
importance.
As a result of these surveys, the groundnut im -
provement program has given additional pr ior i ty to
research on the leaf spot diseases. Investigations are
presently aimed at developing leaf spot tolerant h igh-
y ie ld ing cu l t ivars and also to develop integrated
methods of leaf spot control including the use of to l -
erant cult ivars, cost-effective application of fungicide,
and beneficial cultural practices.
Table 2. Estimates of avoidable yield losses caused by leaf spots in three groundnut cultivars, Msekera Regional
Research Station, Eastern Province, Z a m b i a , 1984-89.
Season
1984/85
1985/86
1986/87
1987/88
1988/89
Cul t ivar
Chal imbana
Chal imbana
Chal imbana
M G S 2 
M G S 3 
Chal imbana
M G S 2 
M G S 3 
M G S 2 
Seed y ie ld (t ha - 1)
Protected
treatment
1.791
2.574
1.289
1.681
1.491
0.870
0.981
1.129
1.438
Nonprotected
treatment
0.811
1.272
0.780
1.135
0.970
0.278
0.407
0.593
0.980
Avoidable
loss
0.980
1.302
0.509
0.546
0.521
0.592
0.574
0.536
0.458
Avoidable
loss in seed
y ie ld (%)
55
51
40
33
35
68
59
48
32
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Discussion
Subrahmanyam: I must congratulate the Zambian
group for the excellent information they have been
generating on crop losses and determining the relative
importance of various diseases in Zambia. Similar
information is also available from some other coun-
tries in the region (e.g., Ma law i , Z imbabwe, and
Swaziland). I wish we generate such informat ion
from other SADCC countries in the immediate future.
Such data arc required to prepare disease distribution
maps on a reg ional basis and f i x the reg ional
priorit ies.
Hildebrand: How important would you rate G S N D
in Eastern Province of Zambia?
Hac iwa: It is seen occasionally in the Eastern Pro-
vince but not considered important.
H i l d e b r a n d : Is i t impor tan t anywhere else in
Zambia?
Haciwa: It is not known to be important anywhere
else in Zambia.
Laxman Singh: What are the reasons for the pro-
gressive decline in performance of cv Chalimbana?
Haciwa: Perhaps the rainfal l pattern is the reason.
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Weather Requirements for Infection by Late Leaf Spot
in Groundnut
1
D.R. Butler
2
Abstract
The literature on effect of weather on infection of groundnut (Arachis hypogaea L.) by late leaf spot 
(Phaeoisariopsis personata) is examined. In addition, results from experiments at the International 
Crops Research Institute for the Semi-Arid Tropics (ICRISAT) Center are used as a basis to propose 
a simple model to describe the effects of temperature and leaf wetness on infection. 
Introduction
In 1933 Woodroof published a detailed description,
distinguishing two pathogens of groundnut (Arachis 
hypogaea L.) that cause early leaf spot (Cercospora
arachidicola H o r i ) and late lea f spot [(Pha-
eoisariopsis personata (Berk. & Curt.) v. A rx ) ] . She
noted differences in the seasonal patterns between the
two diseases in Georgia, USA, and concluded ten-
tatively " that C. arachidicola occurs rather consis-
tently year after year, even when the weather is quite
d r y . " She also stated that " the conditions conducive
to the development of P. personata are not wel l
enough understood to attempt to explain why it ap-
pears only in certain years. Possibly wetter seasons
are more favorable to its development than dr ier
seasons."
More than 50 years later there was litt le improve-
ment in our abil i ty to distinguish between the weather
requirements of these two pathogens. Hemingway
(1955) observed large differences in the rates of dis-
ease increase in eastern Af r ica , which he attributed to
greater spore production of P. personata. A similar
situation was observed in southern India where the
numbers of airborne spores of the two species were
compared (Sreeramulu 1970). Effects of temperature
and humid i ty on conid ia l germinat ion of C. ar-
achidicola were reported by Oso in 1972, but equiva-
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lent information on P. personata was not available
until recently (Sommartya and Beute 1986). Shew et
al . (1988) pointed out that long periods of leaf wetness
are necessary for late leaf spot lesions to develop on
inoculated plants, and demonstrated that infection oc-
curs w i th intermittent wetness.
The situation at ICRISAT Center, India, is dif fer-
ent f rom that described by Woodroof (1933) for Geor-
gia and it is probable that this is part ly caused by
differences in climate. At ICRISAT Center, both early
and late leaf spot normal ly infect groundnut in the
rainy season, but late leaf spot is usually the dominant
disease. Infrequently (less than 1 year in 5), early leaf
spot is the more serious disease (P. Subrahmanyam,
ICRISAT Center, personal communication). It is sti l l
not clear why this happens and, as part of a program
to improve our understanding of how weather affects
these diseases, we examine in this paper evidence
pertaining to infection by P. personata. 
Current knowledge
Jensen and Boy le (1965), Sommartya and Beute
(1986), and Shew et al. (1988) made significant con-
tributions to our understanding of how weather af-
fects late leaf spot infect ion. Findings f rom these
three papers are summarized in this paper wi th some
further analysis of their data.
In 1965, Jensen and Boyle published the results of
2 years' field observations and proposed a scheme for
disease prediction (Jensen and Boyle 1966). Advice to
growers for fungicide applications in the USA is sti l l
based on this scheme, although no distinction was
made between early and late leaf spot. The scheme
could be used for either disease and since it is so
widely used and therefore requires examination in
detail.
Jensen and Boyle (1966) recognized the impor-
tance of leaf wetness to infection and used a thermo-
hygrograph placed in a screen on the ground between
the rows of groundnut in their f ield experiments. In
interpreting their results they made three important
assumptions:
1. Adequate inoculum is always present.
2. Free water is necessary for spore germination, and
the speed of germination depends on temperature.
3. Periods of relat ive humid i ty (RH) greater than
9 5 % indicate periods of leaf wetness (this includes
wetness f rom rain).
On days when RH > 95% occurred in more than
one continuous period, they selected the longest con-
tinuous per iod.
Their prediction scheme (Fig. la) uses periods of
wetness and temperature to compute an infection in -
dex f rom 0 to 3, which indicates the extent to which
environmental conditions are favorable for spore ger-
minat ion and penetration. This index can be thought
of as a measure of the number of lesions (unit area)-1
that w i l l subsequently develop. When the infection
index is plotted against wetness periods (Fig. lb ) it
becomes clear that Jensen and Boyle thought that the
per iod required for max imum infect ion decreased
wi th increasing temperature between 18°C and 27°C.
This implies that the rate of infection increases w i th
temperature, but suggests that, w i th adequate wetness
periods, the final level of infection would not be af-
fected by temperature between 20°C and 27oC.
They observed that favorable conditions must per-
sist for 2 -3 days to detect the increase in disease
easily; 1 favorable day had l i t t le effect on the disease.
Al though they could not distinguish between the ef-
fects of high levels of humidi ty and rain f rom their
field results, they believed that RH was the best indi -
cator of leaf wetness either f rom rain or dew.
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Weather Variables Affecting
Infection
Figure 1a. Graph to predict leaf spot infection in
groundnut. The infection indices (0 to 3) are shown
between the curves. [Redrawn from Jensen and
Boyle (1966).]
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after 12 h. They give no details of germination rates at
other temperatures.
Shew et al . (1988) examined the effect of periods
of leaf wetness on infection at different temperatures.
They d id this by transferring plants between high and
low humidity chambers, so that the period of surface
moisture on leaves varied between 3 and 24 h day -1.
The humidity treatments were continued for 6 days at
temperatures between 20oC and 32oC. For the major-
ity of groundnut genotypes, the max imum number of
lesions were obtained at 20 oC, but differences bet-
ween 20oC and 24oC were not large. I have fitted
logistic (Gompertz) curves to their data, which relate
lesion numbers to wetness periods. For this, the data
for 20oC and 24oC were combined and a separate
curve was fitted to the data for 28oC. There were no
statistical differences between parameters that define
the delay and slope of the curves (Fig. 3); they are
distinguished only by their asymptotes.
Sommartya and Beute (1986) studied the germina-
t ion of different isolates of P. personata in v i t ro and
found that the percentage germination of conidia after
48 h decreased wi th increasing temperatures between
16°C and 32oC (Fig. 2). The steepest reduction was at
temperatures greater than 28*C. They also com-
mented on the effect of temperature on the germina-
t ion rate. In contrast to Jensen and Boyle (1966),
Sommartya and Beute (1986) stated that the germina-
tion rate was max imum at 20oC, and at this tempera-
ture, more than 5 0 % of the conidia had germinated
Figure 3. The effect of leaf wetness duration ( R H
≥ 93%) on lesion number at different temperatures.
Wetness periods were repeated for 6 days. The
Gompertz curves, fitted to the data from Shew et
al . (1988), have the same parameters for slope and
delay (only the asymptotes are different).
Implications
Several interesting points arise f rom the work cited
above. The relation between percent spore germina-
tion and temperature (Sommartya and Beute 1986) is
impor tant , since germinat ion is a prerequisi te to
infection.
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Figure 2. The effect of temperature on the per-
centage of conidial germination after 48 h in vitro.
The two sets of data are for different isolates of P.
personata. [Redrawn from Sommartya and Beute
(1986).]
2 4 ° C 2 2 ° C 2 0 ° C
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Figure l b . The implied requirements of leaf wet-
ness ( R H ≥ 9 5 % ) and temperature for leaf spot
infection in Figure l a .
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It is necessary to reconcile the differences bet-
ween the conclusions f rom the field experiments of
Jensen and Boyle, and the findings of Shew et a l .
(1988) and Sommartya and Beute (1986). Jensen and
Boyle concluded that the infection rate increased w i th
temperature up to 27oC; therefore, much longer pe-
riods of leaf wetness would be required at lower tem-
peratures to achieve a given infection level. However,
Sommartya and Beute (1986) found that the germina-
t ion rate was maximum at 20°C and that the percent-
age g e r m i n a t i o n d e c r e a s e d w i t h i n c r e a s i n g
temperature above 20°C. The latter result agrees wi th
the finding of Shew et al. (1988) that the number of
lesions decreases w i th increasing temperature bet-
ween 20°C and 28oC for all the periods of leaf wet-
ness. Al though Jensen and Boyle interpreted their re-
sults in terms of infection, they were assessing dis-
ease development in the field, which is the result of
the whole disease cycle. It is possible that disease
progress at low temperatures was l imi ted by inoculum
since, for early leaf spot, sporulation is reduced mark-
edly at temperatures below 20oC (Alderman et al.
1987).
We carried out a series of experiments at ICRISAT
Center in which potted plants were inoculated wi th
conidia of P. personata. After inoculation, plants were
kept in a greenhouse where the leaves remained dry.
At night, selected plants were placed in a dew-cham-
ber for different numbers of nights (each night pro-
v id ing about 16 h of leaf wetness). The air tem-
perature in the dew-chamber was control led to +0.5
oC and experiments were carried at various tempera-
tures between 13°C and 28oC. The number of lesions
that appeared on inoculated leaves was recorded dai ly
until there was no further increase.
W i t h only 1 night of leaf wetness, lesions never
developed and w i th 2 nights, there were usually none
or very few lesions. After an ini t ial delay, the number
of lesions increased l inear ly w i t h the number of
n ights in the dew-chamber un t i l a plateau was
reached. Both the ini t ial delay and the t ime taken to
reach the plateau varied w i th temperature. Infection
was most rapid at 23°C when the plateau was reached
after 5 nights (F ig. 4a). In contrast, at 13oC infection
began after 4 nights and continued to increase in se-
verity even after 11 nights (Fig. 4b).
Our results conf i rm the finding of Shew et al .
(1988) that infection occurs w i th intermittent periods
Figure 4. Lesion numbers on inoculated ground-
nut plants in relation to numbers of nights in a 
dew-chamber (each night providing 16 h of leaf
wetness). Dew-chamber temperatures: (a) 23°C;
( b ) 1 3 ° C .
of surface moisture. It appears that the dominant var i -
able affecting infection at a particular temperature is
the total number of hours of leaf wetness. When our
results at 23°C and those of Shew et al. (1988) at
20oC and 24oC are shown wi th that t ime scale, the
agreement is remarkable (Fig. 5).
Compared wi th these results, the findings of Som-
martya and Beute (1986) are surprising in that such
long periods of leaf wetness are necessary for infec-
tion when more than 5 0 % of conidia germinate in
12 h. Init ial observations of conidia on leaf surfaces
indicate that germ-tube growth is slow and leaf pene-
tration is rare w i th in the first 32 h of wetness.
We now have sufficient evidence to propose a sim-
ple model to describe late leaf spot infection in terms
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of leaf wetness periods and temperature. Temperature
affects the process in two ways: (a) it determines the
percentage germination of conidia and (b) it deter-
mines the rate of infection (this includes germination,
germ-tube growth, and leaf penetration). It seems rea-
sonable to assume that infection does not proceed if
the leaves are dry, but that the process starts again
where it left off, when leaves are re-wetted. W i t h this
assumption, the total per iod of leaf wetness after
spore deposition and the mean temperature dur ing
that period are required to calculate the amount of
infection. If the rate of infection is rapid, the time
required to reach max imum infection would be short,
and a shorter per iod of accumulated leaf wetness
would be required but if the rate of infection is slow, a 
longer period of accumulated leaf wetness would be
required. The maximum level of infection wi th non-
l imi t ing wetness periods, w i l l vary wi th temperature
since it depends to a large extent on the proport ion of
spores that germinate.
The model has three parameters (F ig. 6): an ini t ial
delay (D) when no infection occurs, the period (A )
beyond which there is no further increase in disease,
and a severity (S) which determines the maximum
level of infection in relation to temperature. S ac-
counts for the effect of temperature on percentage
germination of conidia. If the parameters D and A are
expressed as rates (1/D and 1/A) it is l ikely that the
temperature response w i l l be linear, as has been found
in an analogous situation of seeds germination (Gar-
c ia-Huidobro et a l . 1982). Current experiments at
ICRISAT Center aim to obtain relationships between
temperature and the parameters D, A, and S.
To use the model, it is necessary to have a mea-
sure of leaf wetness as wel l as temperature. This
could be either measured directly wi th an electronic
sensor or estimated f rom humidity and rainfall re-
cords. We are explor ing methods to obtain estimates
of leaf wetness f rom weather records. We believe that
such an approach w i l l be a valuable aid to disease
prediction, which is an important component of eff i -
cient disease control. It w i l l also help interpret results
of screening trials where weather conditions may not
be ideal for infection.
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Discussion
Doto: What is the practical ut i l i ty of information de-
picted by the last f igure you presented?
Subrahmanyam: It is useful in disease predict ion
and provid ing advice on effective disease control.
Ismael: How much does the growth stage affect the
requirement of temperature and relative humidi ty for
disease development?
S u b r a h m a n y a m : We d o n ' t have adequate i n -
formation.
Ismael: Is the plant more susceptible at a particular
growth stage when the required temperature and rela-
tive humidi ty is present?
Subrahmanyam: Plants are susceptible at al l stages
of development.
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Resistance to Botrytis Gray Mold in Some Groundnut
Genotypes in Zimbabwe
1
Abstract
Forty long-season groundnut (Arachis hypogaea L.) genotypes belonging to the subspecies hypo-
gaea were evaluated for resistance to botrytis gray mold (Botryt is cinerea) at the Harare Research 
Station and the Gwebi Variety Testing Center. Disease infection was rated in two ways, either using 
a 0 to 6 scale to assess plant or crown infection (0 = No disease, and 6 = More than 70% of the 
crown affected) or by determining an infection index based on the number of affected stems. 
Compared with the susceptible control variety Flamingo, the most resistant genotypes gave higher 
seed yields at both Harare and Gwebi. The botrytis rating using the 0-6 scale was negatively 
correlated (P<0.001) with pod and seed yield at both sites (r = -0.518 to -0.457). This method was 
quicker and more practical than the use of the botrytis index. Several genotypes combined high 
yield with good resistance to botrytis. 
Groundnut (Arachis hypogaea L.) is widely grown by
large-scale and small-scale commercial and by com-
munal-area farmers in Zimbabwe. Diseases and pests
are major constraints to groundnut y ield (Hildebrand
1980; Cole 1981; Chiteka 1985).
Both long-season varieties belonging to the sub-
1. This paper could not be presented as it was received late due to unforeseen circumstances.
2. Groundnut Breeder, Crop Breeding Institute, P.O. Box 8100, Causeway, Harare, Zimbabwe.
lCRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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Introduction
species hypogaea, and short-season varieties belong-
ing to the subspecies fastigiata are grown. The former
are mostly cultivated by commercial farmers w i th
supplementary i r r igat ion, sown early (late September
to late October), and harvested f rom February to
March. The short-season varieties are sown w i th the
rains in early November to mid-December and har-
vested from late February to March. The major dis-
eases affecting groundnut yields in Z imbabwe are
early leaf spot (Cercospora arachidicola Hor i . ) , late
leaf spot [Phaeoisariopsis personam (Berk & Curt.)
v. A rx . ] , web blotch (Phoma arachidicola), and gray
mold (Botrytis cinerea Pers. ex Fries). Early leaf spot
is the most prevalent on both long- and short-season
crops. Late leaf spot constitutes a small proport ion of
leaf spot lesions on highveld crops but up to 100% of
leaf spot lesions on groundnut crops at an altitude of
450 m. Web blotch and gray mold are more prevalent
and much more severe on long-season crops; short-
season crops are rarely affected seriously. However,
where short-season crops are grown near long-season
genotypes, gray mo ld and web blotch may also attack
commercial short-season genotypes in high altitude
areas and in very wet seasons.
Dur ing the past three seasons, there was a high
incidence of gray mold in groundnut trials grown
without the use of fungicides. It has also been noted
that gray mold caused considerable yield losses in
long-season genotypes even when fungicides had
been applied. A l though gray mo ld , early leaf spot,
web blotch, and late leaf spot can be controlled by
fungicides (Cole 1981) production costs are increased
and gross margins reduced. Besides, foreign currency
is required to import fungicides and their use poses
health hazards and increases environmental pol lut ion.
Cult ivat ion of resistant varieties would be the most
economical long-term measure.
Gray mo ld is a soilborne fungus disease affecting
both the crown and the subterranean parts of the plant
(Smith 1984). Infection starts on the above-ground
parts of the plants. At first, brown necrotic lesions
appear, which increase in size. Then the infection
proceeds downwards to the underground parts of the
plant. Affected parts turn brown and eventually black.
Depending on the severity of the disease, the stage at
which the plant is affected, and the degree of resis-
tance of the genotype, the whole plant may be k i l led.
Temperatures below 20°C wi th excessive rain over
long periods are conducive to the development of
gray mold. Excessively wet periods are common on
the highveld of Zimbabwe especially dur ing Decem-
ber, January, and February. Night temperatures below
20°C are common in high-alt itude areas. Jackson
and Bel l (1969) and Smith (1984) stated that gray
mold had not been reported to cause serious damage
to commercial groundnut crops. On the other hand,
this paper reports high yield losses attributable to
gray mold in the case of susceptible genotypes. The
objectives of the tests were:
A. to evaluate the product iv i ty of some selected
long-season groundnut varieties under high gray-
mold disease pressure,
B. to screen for resistance to gray mo ld , and
C. to evaluate the efficacy of two methods of gray-
mo ld damage rating on many genotypes.
Forty long-season groundnut varieties belonging to
the subspecies hypogaea were sown in a prel iminary
yield tr ial at Harare Research Station (HRS) (altitude
1506 m) and at Gwebi Variety Testing Centre (GVTC)
(altitude 1448 m). Flamingo, the most widely grown
long-season variety, was included as a control along
wi th Maku lu Red and Egret. Standard cultural prac-
tices for long-season groundnuts (Hutchinson 1982)
were fol lowed except that fungicides were not ap-
pl ied. The plots comprised of 9 rows, 0.45 m apart,
and were 3-m long. A net plot area of 7 rows x 2.4 m 
served for y ie ld determination (discarding the two
border rows and 0.3 m f rom both the ends of the
rows). The design used was a randomized-complete
block wi th three replicates. The tr ial at HRS was
sown on 7 Oct 1988 and harvested on 17 Mar 1989
whi le the tr ial at G V T C was sown on 6 Oct 1988 and
harvested on 15 Mar 1989. At 115 days after sowing,
gray-mold infection was rated in both trials in two
ways:
A. A gray-mold score using a 0 -6 scale as described
in Table 1 where 0 = No disease, and 6 = A l l
stems affected (on more than half of the length
w i th more than 7 5 % of plant tissue heavi ly
diseased).
B. Using a damage index determined as fol lows: in
each plot two plants were selected at random. The
fo l lowing records were taken: total stem (branch)
counts (TSC1 and TSC2) and the numbers of
stems infected wi th gray mold (BSC1 and BSC2).
Then the gray-mold index was calculated.
Gray-mold index = 
[(TSC1/BSC1 + TSC2/BSC2)+0.2] /2x10.
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Materials and Methods
Conclusion
Dur ing the 1988/89 cropping season, there was a 
higher incidence of gray mold at HRS than at G VTC.
At both sites, genotypes wi th high yield and resis-
tance to local strains of gray mold were identified.
Classification of gray-mold resistance of genotypes
using a 0 -6 gray-mold rating scale led to more con-
sistent results than using the gray-mold index. The
gray-mold score was moderately correlated with seed
and pod yields.
Table 3 shows the relationship between gray-mold
score, or the gray-mold index on the one hand, and
yield and yield components on the other. At both sites,
pod and seed yields were moderately correlated
(P<0.001) w i th the gray-mold score (r = 0.44 to
0.523). This indicates that the gray-mold score is a 
reliable measure of resistance to gray mold.
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higher gray-mold damage indices than the susceptible
control variety Flamingo. This indicates that the gray-
mold index was less reliable in ranking genotypes for
gray-mold resistance. This was probably because
damaged stem countings do not reflect the degree of
damage.
Y ie ld and y ie ld components, except the number of
seeds ounce-1 (where 1 g = 0.03527 ounces) were
negatively correlated (P<0.01) w i th either of the two
gray-mold ratings. Increasing gray-mold damage was
thus accompanied by increasing y ie ld reduction. Bot-
ryt is damage affected all y ield components although
the correlation was not significant (P > 0.05) for seed
size. Probably the pods that are already formed be-
come ful ly fil led in spite of disease or debil i tating
factors but in this case no other pods are developed.
Yie ld or y ield components were generally less cor-
related wi th gray-mold index than wi th gray-mold
score. In both cases, however, there was a closer rela-
tionship between yields and botrytis rating than bet-
ween y ie ld components (shell ing percentages and
number of pods plant -1) and botrytis rating.
At HRS, 28 genotypes, and at G V T C , 15 genotypes
outyielded cv Flamingo (Table 2).
There were s igni f icant di f ferences among ge-
notypes for gray-mold score (P<0.001) at both sites
(Table 2.) The mean gray-mold rating at G V T C was
lower than that at HRS indicating a lower gray-mold
incidence. Generally the ranking of genotypes for the
gray-mold incidence did not dif fer to any appreciable
extent between the two locations. This indicates some
degree of environment consistency. Genotypes that
ou ty ie lded F lam ingo also had lower g ray -mo l d
scores.
Analyses of variance of gray-mold damage in -
dices are not presented because the nonaddit ivity test
showed an abnormal distr ibution of data. No transfor-
mations were carr ied out. Means for the gray-mold
index are shown in Table 2. Several high-yielding
genotypes w i th low gray-mold score at both sites had
The constant 0.2 was added to avoid zero readings
when computing correlations between plot observa-
tions. Plant density, shelling percentage, and seed size
were also recorded.
Analyses of variance were carr ied out on pod
yield, seed y ie ld, and gray-mold scores. Relationships
between the gray-mold score or the gray-mold dam-
age index on the one hand and yield or y ie ld compo-
nents on the other were determined using the simple
Pearson cor re la t ion procedure (Steel and Tor r ie
1980).
T a b l e 1. R a t i n g scale 0 to 6 for Botrytis cinerea in
groundnut.
0 = 
1 = 
3 = 
4 = 
5 = 
6 = 
No disease v is ib le.
One to few necrotic lesions plant - 1 .
One to two stems extensively damaged over
more than hal f of the stem length.
Up to 2 5 % of the c rown severely damaged.
heavy sporulat ion evident.
A l l stems affected and up to 5 0 % of stems and
fol iage heavily diseased.
A l l stems severely affected over more than hal f
o f the l eng th and 7 5 - 1 0 0 % o f the c r o w n
heavi ly diseased, heavy sporulat ion.
Results and Discussion
Table 2. Seed yields, gray mold scores ( B C S ) , and gray mold indices ( B C D for 40 long-season genotypes at Harare
Research Station and Gwebi Variety Testing Center, Z i m b a b w e , 1988/89.
Genotype
92/7/103
92/7/176
92/7/20
92/7/36
92/7/87
92/7/6
92/7/301
92/7/178
92/7/2
92/7/144
92/7/111
92/7/56
92/7/5
92/7/149
92/7/25
92/7/47
92/7/59
92/7/105
92/7/179
92/7/260
92/7/94
92/7/96
92/7/5
92/7/40
92/7/143
92/7/191
92/7/72
92/7/247
Egret
92/7/45
92/7/182
92/7/44
92/7/232
92/7/147
Flamingo
P161/7/2
Maku lu Red
92/7/138
92/7/307
92/7/72
SE
Mean
C V ( % )
Harare Research Station
Y ie ld ( t ha - 1)
4.09
4.66
2.95
4.23
3.86
3.90
3.87
3.80
3.77
3.69
3.69
3.45
3.44
3.29
3.35
3.58
3.36
3.80
3.54
3.19
2.93
2.71
3.01
2.73
2.98
2.75
1.37
3.86
2.15
2.20
2.37
2.59
2.50
2.10
1.74
1.93
1.70
1.93
1.78
0.59
±0.29
2.99
17
BCS
1.0
2.8
1.3
1.3
2.7
2.7
1.7
2.0
2.8
1.0
1.7
1.3
2.7
2.3
2.0
1.7
2.0
2.3
1.7
2.7
1.7
2.7
1.7
3.0
4.0
2.0
4.0
1.7
2.3
3.3
1.7
1.7
1.7
4.0
3.3
3.0
3.0
2.3
4.0
2.7
±0.46
2.4
33
BC1
0.8
3.7
1.5
1.6
1.4
1.7
1.4
2.1
1.4
1.7
3.0
2.0
5.0
2.4
1.9
2.2
1.2
1.7
1.9
2.0
3.2
2.0
1.4
4.0
4.0
1.9
5.5
1.0
2.9
5.4
0.8
4.5
2.1
3.2
5.2
4.6
3.3
2.9
5.9
1.4
-
2.7
-
Gweb i Variety Testing Centre
Y ie ld ( t ha - 1)
4.87
3.79
3.00
3.71
3.95
3.87
3.81
3.81
3.76
3.84
3.64
4.04
3.87
3.97
3.76
3.17
3.32
2.87
4.03
3.31
3.38
3.19
2.85
2.98
2.57
2.63
3.92
1.35
3.00
2.90
2.57
2.31
2.28
2.66
2.94
2.66
2.62
1.83
1.84
0.72
±0.25
3.14
14
BCS
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.7
1.0
1.0
1.0
2.7
1.0
1.0
1.0
1.0
1.0
1.3
1.7
1.7
1.0
1.0
1.7
2.3
1.0
3.3
3.7
1.7
2.3
1.7
1.0
1.0
2.0
2.7
2.0
1.0
3.0
4.3
0.7
±0.46
1.5
53
BC1
3.6
5.4
5.8
4.9
3.9
4.3
4.6
5.5
4.3
3.4
4.5
5.1
7.2
3.5
4.5
4.8
5.6
3.7
2.9
3.8
5.2
3.6
4.6
5.6
6.8
4.2
5.9
5.9
3.9
5.0
4.1
7.3
3.8
5.5
4.1
5.3
4.7
4.8
7.4
4.3
-
4.8
-
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Component
Pod y ie ld
Seed y ie ld
Shel l ing (%)
Seeds
Pods plant -1
Botryt is score
Gweb i
Testing Research
Centre Station
-0.523*** -0 .444***
-0 .518*** -0 .457***
-0 .273** -0 .362***
-0.138n8 -0.028n8
-0 .375*** -0 .444***
Botryt is index
Gweb i
Var iety Harare
Testing Research
Centre Station
-0.342*** - 0 . 4 5 1 * * *
-0 .372*** - 0 . 4 3 1 * * *
-0.288** -0 .272**
-0.288n 8 -0.136n 8
-0.276** -0 .439***
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Entomology
Damage and Yield Loss Caused by Insect Pests
on Groundnut in Zambia
Abstract
Surveys of farmers' groundnut fArachis hypogaea L.) crops in different provinces of Zambia during 
the 1987/88 and 1988/89 cropping seasons indicated that sucking pests (mainly leafhoppers) caused 
more severe damage than defoliators or soil pests. Avoidable losses because of foliage (sucking and 
defoliating) pests during the 1988/89 cropping season was estimated at 5-31% compared to 2-19% 
for soil pests. The extent of yield loss caused by pests was found to differ depending on seasons and 
cultivars. Yield losses caused by pests tended to be more important in the valley than in the plateau. 
The need for more detailed studies to ascertain the economic importance of the pest groups is 
emphasized.
Introduction
Several insect pests are known to attack, groundnut
(Arachis hypogaea L.) in Zambia . These can be
grouped into sucking pests, defoliators, and soil pests
(Sithanantham et al. 1989). A m i n (1984) considered
sucking pests (leafhoppers, aphids, thrips) to be eco-
nomically important and estimated yie ld losses of 10-
30% because of leafhoppers alone. On the other hand,
Wightman (1986) regarded soil pests, especially ter-
mites and white grubs, to be more important, causing
between 5 -20% reduction in crop yield. More re-
cently, studies have been taken up on the incidence of
soil pests ( including mil l ipedes) and the extent of
plant morta l i ty or pod damage they cause (Sitha-
nantham 1988; Wightman 1989). However, informa-
tion on damages and yield losses caused by the three
groups of pests in various parts of Zambia is stil l
incomplete. The present paper summarizes recent re-
sults on these aspects in Zambia.
1. Legumes Entomologist, Food Legumes Research Team, Msekera Regional Research Team, P.O. Box 510089, Chipata, Zambia.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
P.H. Sohati
1
 and S. Sithanantham
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pests, leaf t ip ye l lowing (caused by leafhoppers) as
wel l as c r i nk l i ng and cupping (caused by aphids,
thrips, white fl ies) was taken into account in rating.
Extent of fol iar damage (by grasshoppers, beetles, or
caterpil lars) was the cr i ter ion for defoliator damage
rating whi le the severity of root/pod damage in f ive
random plants plot -1 was the basis for soil pest rating
( termi tes, whi te grubs, w i reworms , Dorylus ants,
mil l ipedes).
The results (Table 1) show that damage by sucking
pests tended to be generally more severe than that by
the other two pest groups. Moderate to severe damage
by sucking pests was observed in all districts of the
Eastern Province except Chadiza. Among the other
distr icts, Choma (Southern Province) and kaoma
(Western Province) seemed to have suffered substan-
tial damage by sucking pests. Defol iator damage was
mostly m i ld to moderate, and seemed to be of some
importance in the districts of Choma (Southern Pro-
vince), Chipata Nor th , and Chipata South (Eastern
Province). Severity of soil pest damage was generally
found to be similar to that caused by defoliators. The
districts which appeared to suffer appreciable damage
Dur ing the 1987/88 and 1988/89 cropping seasons,
roving surveys were made to assess the severity of
damage caused by the major pest groups. The survey
included the Eastern Province, which is the pr incipal
groundnut-growing region, and also l imi ted sampling
in Luapula, and in the Northern, Southern, and West-
ern Provinces. Each year the survey was taken up
between late March and early A p r i l , when the crops
were mostly at mid-podding stage. Farmers' fields at
distances of about 20 -30 km were chosen at random
along motorable routes. In each field, four plots (1 m x 
1 m) were sampled. In each plot, the damage by three
pest groups was visually rated on a 1-9 scale, as
described below:
Insect Damage Surveys
1 = 
3 = 
5 = 
7 = 
9 = 
No apparent damage
Light damage (below 10%)
Moderate damage (11-25%)
Severe damage (26-50%)
Very severe damage (above 50%)
When assessing the damage caused by sucking
Table 1. Relative severity of damage to groundnut crop by major pest groups in different Provinces of Z a m b i a surveyed
during 1987/88 and 1988/89.
Province
Eastern2
Luapula3
Northern 3
Southern3
Western3
Distr ic t
Chadiza
Chipata north
Chipata south
Katete
Lundazt
Mambwe
Petauke
Mansa
Kasama
Luw ingu
Mbala
Choma
Kaoma
Overal l max imum
Mean
Number
of farms
surveyed
5
2
10
2
7
4
2
6
1
2
2
9
8
60
Severity rat ing ( 1 - 9 scale)1
M a x i m u m
Sucking
pests
4
5
7
6
7
6
5
4
1
4
1
8
7
8
5.3
Defo l -
iators
3
3
3
2
3
2
2
2
1
2
1
6
4
6
2.6
Soi l
pests
2
1
4
3
2
2
4
2.2
Mean
Sucking
pests
3
5
5
6
5
5
4
3
1
4
1
5
6
6
4.1
Defo l -
iators
2
3
3
2
2
2
2
2
1
2
1
4
3
4
2.2
Soil
pests
1
1
2
3
1
2
3
1
I
1
1
2
1
3
1.5
1. Scored on a 1-9 scale: whe re 1 = No damage, and 9 = 5 0 - 1 0 0 % fo l iage dest royed.
2. Surveyed in the 1987/88 season.
3. Surveyed in the 1988/89 season.
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1
1
1
1
3
4
4
Table 2. Estimates of avoidable loss because of soil and foliage pests of groundnut in Eastern Province, Zambia , 1987/88
and 1988/89.
Locat ion
1987/88 (On-station)
Masumba1
't' lest
Msekera1
't' test
1988/89 (On-station)
Masumba1
't' test
Msekera1
't' test
1988/89 (On- fa rm)
Kal ichero1
Cult ivar
Maku lu Red
M G S 2 
Chal imbana
M G S 2 
Chal imbana
Maku lu Red
M S G 2 
Chal imbana
Maku iu Red
M G S 2 
M S G 3 
M G S 2 
M G S 4 
Soi l pests
(%)
30
16
14
11
19
2
2
16
-
-
-
21
11
(kg ha - 1)
200
137
4 . 4 6 * *
117
101
4 . 1 6 * *
109
13
14
2.25*
76
-
-
-
78
29
Foliage pests
(%)
-
-
-
-
31
5
6
0.71
23
10
21
16
-
-
(kg ha -1)
-
-
-
-
148
35
36
N S 2
144
147
226
223
6 . 6 9 * *
-
-
1. Msekera , Ka l i che ro = p lateau; Masumba = va l ley .
2 . NS = No t s ign i f icant .
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Avoidable Yield Losses because
of Pests
To estimate avoidable loss because of the major pest
groups, comparisons of seed yields were made bet-
ween 'nonprotected' and 'protected' plots in repl i -
cated t r i a l s . These t r i a l s c o m p r i s i n g d i f f e ren t
were Chipata South, Katete, and Petauke (ail Eastern
Province), Choma (Southern Province), and Kaoma
(Western Province).
These results conf i rm the opinion of A m i n (1984)
that sucking pests (especially leafhoppers) are of eco-
nomic importance in Zambia. Al though Wightman
(1989) estimated soil pests also to be destructive in
various parts of the country, the present survey d id
not reveal any appreciable damage. Possibly, this sin-
gle-stage sampling survey tended to underestimate
soil-pest damage, since crop mortal i ty and fresh pod/
root damage at late-maturity stages were not covered.
cult ivars were conducted dur ing the 1987/88 and
1988/89 cropping seasons at two research stations of
the Eastern Province, one on the plateau (Msekera)
and the other in the val ley (Masumba). D u r i n g
1988/89, an on-farm tr ial was also conducted.
In most of the trials the loss because of soil pests
was assessed by comparing 'protected' plots receiv-
ing soi l application of carbofuran or ch lorpyr i fos
(1 kg a.i. ha-1) or dieldr in (2 kg a.i. ha-1) at sowing
wi th nonprotected plots. For assessing the loss be-
cause of foliage pests (sucking and defoliating), pro-
tected plots were sprayed w i t h d imethoate plus
endosulfan (each at 0.07%) wh i le 'nonprotected '
plots received water spray. Avoidable loss was esti-
mated as the reduction in seed yield in nonprotected
plots compared with that in protected plots.
The range of avoidable loss because of soil pests
across research sites and cultivars for the 1987/88
season was estimated as 11-30% (101-200 kg ha-1)
compared to 2-19% (13-109 kg ha-1) for the 1988/89
season (Table 2). For the second season (1988/89), the
comparative range in loss because of foliage pests
was 5 - 3 1 % (35-148 kg ha -1). In both seasons, the
extent of loss because of pests tended to be greater at
the valley site (Masumba) than at the plateau site
(Msekera). Dur ing the 1988/89 season, the loss be-
cause of soil pests as wel l as foliage pests was greater
in Chalimbana (large-seeded, popular cult ivar) than
in Maku lu Red (medium seed size, popular cult ivar)
and MGS 2 ( improved, high-yielding cult ivar). The
only on-farm trial also showed substantial loss ( 1 1 -
21%) because of soil pests.
These data clearly indicate a considerable var i -
abil i ty in y ield loss between seasons, sites, and cul t i -
vars. The greater loss because of both pest groups
observed in the valley can be because of increased
pest incidence and/or greater stress suffered by plants
under warm conditions. The reduced level of losses
because of soil pests at Masumba dur ing the second
season may possibly be because of high rainfal l , re-
ducing soil-pest activity. The improved high-yielding
cult ivar MGS 2 appeared to suffer less than Chal im-
bana f rom pests of both groups. Apparent ly , this
would be a bonus for the farmers, as the pest-caused
loss can be minimized by just opt ing for the new
cultivar.
It is important to mention that sometimes insec-
ticidal protection, especially those against soil pests,
had no effect on yields or even resulted in reduced
seed yield. Insecticides may have interacted in dif fer-
ent ways wi th soil types, affecting plant growth. They
also may have had an influence on natural enemies of
pests (e.g., ants) or on the plant's abil i ty to compen-
sate for damage.
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Screening for Resistance to Sucking Insects among
Groundnut Genotypes in Zambia
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Abstract
Sucking insects, mainly leafhoppers, contribute to yield losses on groundnut (Arachis hypogaea L.) 
in Zambia. Many genotypes were screened in replicated plots at two locations-Msekera and Mas-
umba-during the 1987/88 and 1988/89 cropping seasons. ICG 485, ICG 2271, ICG 5044, and ICG 
5045 were distinctly less damaged by sucking insect pests titan many other genotypes. ICG 2271 is 
resistant to several pests, and as it has a good yield potential it may be a useful parent in 
hybridization. The germplasm screening at Msekera during the two seasons indicated three alter-
nate branching lines (NC Ac 15740, NC Ac 10223, NC Ac 2230) and four sequential branching lines 
(EC 36892, PI 315680, ICGV 86309 (ICGS 87), and HYQ(CG)S 10} to be promising for low 
damage by sucking insects. Genotypes EC 36892 and NC Ac 10223 were least damaged by early 
and late leaf spot diseases. 
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Dur ing two cropping seasons (1987/88 and 1988/89),
many groundnut genotypes, including pest-resistant
selections f rom ICRISAT Center (India) and high-
yie ld ing selections of the Zambian national program,
were grown in pest-screening trials at two sites—
Msekera (plateau) and Masumba (va l ley )—in the
Eastern Prov ince , Zamb ia . The genotypes were
grown wi th local cult ivars as controls, in randomized
blocks wi th three replications. Each genotype was
grown in a 4-m long row (a plot) w i th 75 cm between
rows and 20 cm between plants. Two infestor rows
were sown about 2 weeks earlier on both sides of the
t r i a l . The fe r t i l i ze r app l ied was ' D ' compound
(10N:20P:10K:10S) at 150 kg ha-1 at sowing.The ex-
tent of damage by sucking pests was visually scored
on a 1-9 scale at least once before the crop matured.
The most important symptom was leaf-tip yel lowing
caused by leafhoppers. M inor damage by leaf thrips,
white flies (Bemisia tabaci), and aphids (Aphis crac-
civora), leading to cr ink l ing or cupping, was also in-
cluded in the severity rating described below:
Rating
1
2
3
4
5
6
7
8
9
Leaflets damaged
No apparent damage
Up to 5%
6 - 1 0 %
11-15%
16-20%
2 1 - 3 0 %
3 1 - 4 0 %
4 1 - 5 0 %
Above 5 0 %
Results and Discussion
The results of the pest-screening nursery (Table 1)
showed that four genotypes—ICG 485, ICG 2271,
ICG 5044, and ICG 5045—earned dist inctly low rat-
ings. Most of the damage in the nurseries was caused
by leafhoppers, whi le thrips caused occasional dam-
age. Resistance to leafhoppers and thrips has earlier
been reported for three of these genotypes, i.e., ICG
2271, ICG 5044, and ICG 5045 ( A m i n 1987). ICG
2271 is known to be resistant also to soil pests (ter-
mites and pod borers), leaf miner, and bud necrosis
disease (caused by tomato spotted w i l t v i rus and
transmitted by thrips). In the present study, this ge-
notype showed good y ie ld potential as wel l , tending to
be better than the local control Chalimbana. However,
the yield estimates had a high coefficient of variation,
so their dependability needs verif ication. ICG 5044
and ICG 5045 arc also known to be resistant to ter-
mites ( A m i n 1987), which are important pests on this
crop in Zambia.
The prel iminary indications of rating among ger-
mplasm accessions (Table 2) suggest three among the
alternately branching types (NC Ac 15740, NC Ac
10223, and NC Ac 2230) and four sequential bran-
ching entries [EC 36892, PI 315608, ICGS 87, and
HYQ(CQ)S 10] to be potential sources wi th resistance
to sucking pest damage. EC 36892 (ICGS 5240) also
had a less severe rating for leaf spots. This genotype is
resistant to aphids. Another genotype, NC Ac 2230
( ICG 504), has been already identified as resistant to
leafhoppers and thrips (Am in 1987). The other prom-
ising genotypes identified at present apparently have
not so far been reported as resistant to any sucking
pest.
These studies have shown that several of the ge-
notypes tested have resistance to sucking pests under
Zambian conditions. Several of them possess addi-
tional advantages such as resistance to other insect
pests and leaf spot diseases. We expect to look for
such low susceptibility to sucking insect pests com-
bined wi th acceptable levels resistance to leaf spot
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Materials and Methods
Introduction
Insect pests are serious constraints to groundnut (Ar-
achis hypogaea L.) production in Zambia (Sandhu et
a l . 1985). A m o n g the several insects infest ing the
crop, sucking pests, mainly leafhoppers (Empoasca 
spp), appear to cause appreciable y ie ld losses ( A m i n
1984; Sithanantham et al . 1989). Since groundnut is
grown mostly by small-scale farmers in the Southern
A f r i c a n Deve lopment C o o r d i n a t i o n Conference
(SADCC) region, cult ivars resistant to insect pests
are appropriate for min imiz ing the losses by insects
(Sithanantham 1989). The results of a search for
sources of resistance to sucking pests in Zambia are
summarized in this report.
In addit ion to the above score, severity rating for
leaf spot diseases [Cercospora arachidicola Ho r i and
Phaeoisariopsis personata (Berk. & Curt.) v. Arx . ]
(Kannaiyan et al. 1989) before maturi ty, and seed
yie ld at harvest were recorded.
Simi lar observations were also recorded for the
germplasm accessions grown in nonreplicated one-
row plots at Msekera dur ing both seasons.
Table 1. Sucking pest damage and seed yield of some promising groundnut genotypes identified in pest screening nurseries at two locations in Z a m b i a , 1987/88 and 1988/89.
Genotype
I C G 485 (Gujarat Nar row Leaf)
I C G 2271 ( N C A c 343)
I C G 5044 ( N C Ac 2243)
ICG 5045(NC Ac 2243)
Controls
Chai imbana
Maku lu Red
SE
Tr i a l mean
(no. o f entries)
C V ( % )
Mean sucking pest rat ing ( 1 - 9 scale)1
1987/88
M S E 2
3.5
4.0
3.0
4.0
6.5
6.0
±0.49
4.5
(30)
15
M A S 2
1.0
N T 2
3.0
2.5
6.0
4.5
±0 .90
2.4
(22)
54
1988/89
M S E
1.0
2.5
3.0
2.5
4.5
6.0
±0.15
4.0
(64)
17
M A S
3.5
5.5
5.0
5.0
7.0
6.5
±0.30
6.1
(58)
8
Mean seed y ie ld
1987/88 (g plot - 1)
M S E
3.7
18.8
3.5
4.1
17.2
19.9
±2.5
12.3
-
29
M A S
3.9
N T
3.6
0.4
7.4
7.3
±4.9
6.4
-
109
1988/89 ( k g ha - 1 )
M S E
31
518
21
61
209
729
±37.0
282
-
74
M A S
243
752
209
257
489
833
±31.8
577
-
130
1. Scored on the 1-9 scale, whe re 1 = No damage, and 9 = 5 0 - 1 0 0 % fo l iage destroyed.
2 . M S E = Msekera , M A S = M a s u m b a , and NT = N o t tested.
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diseases, so that breeders can use such broadbased
sources of resistance wi th advantage. Confirmatory
experiments are being planned to ascertain the stabil-
ity of resistance among the promising genotypes iden-
ti f ied so far.
pests, 1987/88 and 1988/89.
Genotype
Alternate branching
NC Ac 15740
NC Ac 10223 ( ICG 5728)
NC Ac 2230 ( I C G 5041)
Controls
Maku lu Red
Chal imbana
Tr i a l mean
Sequential branching
EC 36892 ( I C G 5240)
PI 315680 ( I C G 7883)
ICGS 87
H Y Q ( C G ) S 10
Controls
Natal Common
Comet
M a x i m u m for t r ia l
T r i a l mean
Sucking pest rat ing ( 1 - 9 ) 1
1987/88
3
3
3
N T 2
6
8
5
3
3
3
3
4
5
8
5
1988/89
3
3
3
5
6
7
5
3
3
3
3
7
7
7
5
Leaf spots ( 1 - 9 ) 1
1987/88
5
6
8
8
7
9
8
4
6
7
7
7
8
9
5
1988/89
8
6
8
6
7
9
7
6
7
8
6
8
8
8
7
Seed y ie ld (t ha - 1)
1987/88
N R 2
0.520
0.433
1.173
0.533
1.427
0.208
0.072
0.107
0.178
0.079
0.079
0.050
0.518
0.112
1988/89
0.171
0.108
0.054
0.583
0.404
1.425
0.405
0.042
0.158
0.117
0.163
0.296
0.292
0.533
0.143
Seed
type 2
L,Br
U P
M , P 
M,R
L,P
MS,P
M , W
M
L.R,Br
S,Br
S,Br
1. Scored on a 1-9 scale, where 1 = No damage/disease, and 9 * 5 0 - 1 0 0 % fo l iage dest royed.
2. NR = No t recorded: NT = Not tested; L - La rge , M = M e d i u m , S = S m a l l ; BR = B r o w n ; P = Purp le ; R = Red ; W = W h i t e .
Table 2. Selections f rom groundnut germplasm collections at Msekera . Z a m b i a , found to show low damage by sucking
General Discussion on Entomology
Ndunguru: How were the yield losses because of
pests separated from those because of diseases in that
trial?
Sohati: By monitor ing the incidence of pests on one
side and diseases on the other by spraying wi th selec-
tive pesticides so that the crop loss could be clearly
differentiated and attributed.
M p i r i : D id you control other problems such as dis-
eases so that you could say wi th conviction that the
losses experienced were because of insect pests only
and not something else?
Sohati: What is normally done is to record the infes-
tation of the insects before the diseases occur. In case
of severe infection by diseases, particularly leaf spot,
fungicides arc applied.
Omanga: In other grain legumes (cowpea, green
gram, and pigeonpea), thrips cause a lot of damage to
flowers. They eat floral parts resulting in flower drop.
Have you observed any damage caused by thrips to
groundnut flowers?
Sohati: This research is in its init ial stages. Work
was begun on fol iar insect pests. However, many
flowers have been collected for thrips count.
Busolo-Bulafu: Dur ing the crossing exercise, I used
to find thrips in the emasculated flowers the fo l lowing
day when I wanted to pollinate. Quite often, the style/
stigma was damaged and I attributed this to thrips. I 
do not know if I was r ight.
Sohati: Yes, it is quite possible.
Rao: Are there different species of thrips involved in
groundnut insect-pest attack? If so, how do you dif-
ferentiate their damage on the plant?
Sohati : So far the thr ips species ident i f ied on
groundnuts in Zambia are those belonging to the ge-
nus Frankliniella. Thrips cause the cr ink l ing and cup-
ping of leaves on groundnut.
Reuben: Would you go for a variety which is so
susceptible to insect pests but sti l l yields substantially
higher? Can you distinguish between resistance and
tolerance?
Sohati: A genotype that yields better, even though
more susceptible than others, must be considered
tolerant.
Hildebrand: I agree wi th this interpretation. At the
end of the day, it is the yield that is important. Our
philosophy at SADCC/ ICRISAT Groundnut Project
on breeding for ELS resistance is to select for y ie ld
under higher disease pressure.
Busolo-Bulafu: Can you comment on the reason for
purple staining?
Hildebrand: This condition was found to occur on
Makulu Red in Zimbabwe, more frequently in the dry
than in the wet season, and it was not noticed in other
varieties. No cause of this condition is known but it is
thought to be physiological.
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Country Reports
Recent Groundnut Research in Lesotho and Prospects
for Future Development
S.S. Moima
1
Abstract
The results of groundnut (Arachis hypogaca L.) germplasm evaluation trials conducted during the 
1987/88 and 1988/89 cropping seasons are reported. Pod and seed yields were higher in 1987/88 
than in 1988/89 because of greater severity of diseases and weed (Cyperus rotundus L.) competition 
in 1988/89. Excessively wet conditions and low temperatures delayed the harvest and resulted in low 
yield in some lines. Genotypes l C G M 189 and lCGV-SM 83031 performed well in both seasons. 
Promising genotypes have been incorporated into the Lesotho national groundnut program for 
further evaluation. 
Introduction
Groundnut (Arachis hypogaea L.) is an important
crop in the semi-arid tropics (SAT) where its produc-
tion exceeds that of any other legume and comprises
70% of wor ld production. The crop is of great impor-
tance to smallholder farmers and makes a significant
contribution towards dietary requirements in southern
Afr ica. The seeds contain 25% protein and 50% edi-
ble o i l and the haulms are a valuable and nutrit ious
animal feed. The crop provides significant income to
the rural farming community.
Lesotho has a temperate climate wi th well-marked
seasons. Warm summers are experienced wi th a short
growing season while winters are cold wi th frost and
long periods of drought. Most of the rain (85%) falls
between October and Ap r i l wi th severe hail storms
and heavy thundershowers of high intensity.
Groundnut Research
1. Groundnut Program Leader and Agronomist, Agricultural Research Division, P.O. Box 829, Maseru, Lesotho.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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The groundnut improvement program in Lesotho con-
tinues to depend on plant introduction from interna-
Thirteen entries were sown in a nonreplicated obser-
vation nursery at the Maseru Research Farm on 17
Nov 1988.
Again the tr ia l was affected by high infestation of
nutsedge and high incidence of diseases (ELS and
L L S ) , rodents, and excessively wet conditions dur ing
harvest. L o w yields, poor shell ing percentages, and
smaller seeds were recorded on some entries.
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Sixteen Valencia and 36 Spanish type entries were
g rown in separate t r ia ls at the Maseru Research
Farm.
The Valencia tr ia l was sown on 6 Nov 1987 and
the Spanish tr ial was sown on 4 Dec 1987. The design
used was a 4 x 4 lattice design w i th four replicates for
the Valencia tr ia l and a 6 x 6 lattice w i th four repl i -
cates for the Spanish t r ia l .
Significant pod and seed y ie ld differences were
recorded among genotypes in both trials (Table 1).
However, both trials were adversely affected by unfa-
vorable weather. Excessively wet conditions and low
night temperatures resulted in delays in harvest,
wh ich reduced yields and shel l ing percentages of
most entries.
The Valencia t ypes—ICGM 189, I C G M 177, and
I C G M 550—(Table 1) and the Spanish types—ICGV-
SM 86051, I C G V - S M 85027, I C G V - S M 86066, and
I C G V - S M 83031—performed wel l w i th pod and seed
yields 6 0 % higher than those of local controls (MS 8,
MS 7, Ma l imba, and Spancross).
SADCC Regional Groundnut Variety
Trials 1987/88
International Early Groundnut
Variety Trial 1988/89
Twenty-f ive early-maturing genotypes were sown in a 
tr ial at Maseru Research Farm on 17 Nov 1988. The
design used was a 5 x 5 lattice wi th four replicates.
Significant pod and seed yie ld differences were
recorded among entries. The tr ial was adversely af-
fected by a severe infestation of nutsedge, and high
incidence of diseases (ELS and LLS) , rodents, and
excessively wet conditions dur ing harvest resulting in
lower plant stands at emergence and harvest. Reduced
plant densities resulted in low yields in some entries.
l C G V 86092 and I C G V 86094 per fo rmed we l l .
Yields were over 65% more than those of the local
controls.
Preliminary Drought Tolerance
Observation Nursery, 1988/89
SADCC Regional Groundnut Variety
Trials 1988/89
Sixteen Valencia and 14 Spanish type entries were
grown at the Maseru Research Farm.
The Valencia tr ial was were sown on 16 Nov 1988
and the Spanish tr ia l was sown on 18 Nov 1988. Sig-
nificant pod and seed yie ld differences were recorded
among genotypes in both trials. However, the trials
were adversely affected by high infestation of nut-
sedge (Cyperus rotundus L.), early (ELS) and late
(LLS) leaf spot diseases, and excessively wet condi-
tions dur ing harvest. Low plant densities, poor yields,
and low shell ing percentages were recorded on most
entries.
The Valencia t ypes—ICGM 189, I C G M 286, and
I C G M 525—(Table 2) and the Spanish types—ICGV-
S M 8 3 0 3 1 , I C G V - S M 8 6 0 5 1 , and I C G V - S M
85027—per fo rmed wel l w i t h y ie ld gains o f over
100% over local controls.
tional research centers and neighboring countries as a 
major source of germplasm. There has been no com-
prehensive groundnut improvement program in the
country.
The objectives of the program are to evaluate the
performance of newly introduced Spanish and Valen-
cia groundnut cult ivars under Lesotho's environmen-
tal conditions and to identify and select high-yielding
and adapted genotypes for further testing. Perfor-
mances of selected drought-tolerant, early-maturing
germplasm accessions have also been evaluated
recently.
SADCC Regional Groundnut
Variety Trials
The Agronomy Section of the Research Div is ion be-
came a cooperator in the SADCC/ ICRISAT Ground-
nut Project's regional network dur ing the 1986/87
cropping season although evaluation of regional trials
only commenced in 1987/88. Results of the 1987/88
and 1988/89 trials are discussed in this paper.
Table 1. Performance of selected entries in the S A D C C Regional Groundnut Variety T r i a l (valencia), Maseru , Lesotho,
1987/88.
Entry
I C G V 189
I C G V - S M 83031
I C G M 177
I C G M 550
I C G M 285
I C G M 286
I C G M 525
I C G M 281
Controls
M S 8 
M S 7 
SE
Tr i a l mean
C V ( % )
Pod
y ie ld
(t ha - 1)
3.32
3.40
2.71
2.68
2.01
1.73
3.00
2.27
1.28
1.65
±0.393
2.41
38.2
Seed
yie ld
(t ha - 1)
1.74
1.63
1.12
1.08
1.06
0.95
0.91
0.84
0.74
0.88
±0.232
1.10
42.2
Shel l ing
(%)
51
49
42
41
46
50
32
36
59
51
46
100-seed
mass
(g)
33
42
33
39
33
36
34
41
33
35
36
T i m e to
matur i ty
(days)
150
147
149
151
149
149
151
147
146
148
149
Plant
stand
(%)
74
75
78
73
80
72
72
77
63
72
74
Seed
color
Red
Red
Red
Purple
Red
Red
Purple
Purple
Tan
Red
Table 2. Performance of entries in the S A D C C Regional Groundnut Variety T r i a l (Valencia), Maseru , Lesotho, 1988/89.
Entry
I C G M 189
I C G M 286
I C G M 525
I C G M 197
I C G M 550
I C G M 285
I C G M 281
I C G M 559
I C G M 554
I C G M 284
I C G M - S M 83030
I C G M - S M 83031
I C G M 561
I C G M 177
Controls
M S 8 
M S 7 
SE
Tr ia l mean
C V (%)
Pod
yie ld
(t ha - 1)
3.132
2.198
2.066
2.000
1.957
1.951
1.898
1.746
1.720
1.575
1.321
1.208
1.175
0.740
0.122
0.576
±0.2130
1.5866
26.9
Seed
y ie ld
(t ha - 1)
1.659
0.997
1.154
0.821
0.901
1.047
0.949
0.734
0.781
0.879
0.671
0.595
0.459
0.360
0.058
0.252
±0.1554
0.7697
40.4
100-seed
Shel l ing mass
(%) (g)
52.3 74
45.4 53
54.6 65
40.8 60
46.3 68
53.2 63
51.8 61
43.2 79
45.4 77
54.2 60
50.1 66
50.4 78
42.4 56
49.3 62
47.2 45
43.1 52
6.7
48.1 63.69
27.7
Plant T i m e to
stand matur i ty
(%) (days)
49.4 150
57.0 145
51.5 145
58.2 145
52.7 145
47.9 145
42.2 145
47.1 145
43.3 145
47.9 150
41.5 145
38.7 145
33.4 145
32.9 145
12.3 145
31.9 145
±4.9
43.0 145.6
22.8
Mean diseases score1
E L S 2 L L S 2
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
9 1 
1. Scored on a 1-9 scale, whe re 1 = no disease, and 9 = 5 0 - 1 0 0 % of fo l iage destroyed.
2. E L S = Ear ly leaf spot (Cercospora arachidicola), L L S = Late leaf spot (Pnaeoisar iopsis personata). 
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Discussion
Chigwe: Referr ing to Table 2 of your paper, how do
you explain the differences in the incidence of early
leaf spot (ELS) and late leaf spot (LLS) among the
genotypes tested?
Moima: This is how the genotypes responded to the
two diseases under the particular environment.
Mande: It is necessary to consider the problem of
'pops' as one of the priori t ies in future research pro-
grams because f rom the results, the varieties have
high pod mass and low seed mass result ing in low
shell ing percentages, showing that there was poor pod
filling. This poor pod fill ing might be attributed to the
'pops' problem.
Doto: Do you have some explanations for the unusu-
ally high CV values? Could the high CVs be part ly
attributed to the problems of plant stand?
Moima: Yes.
Syamasonta: L o w temperatures seem to increase the
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m a t u r i t y p e r i o d . A r e y o u w o r k i n g w i t h D r
Hi ldebrand, who is work ing on this problem?
Moima: No .
The groundnut improvement program w i l l continue to
evaluate germplasm from international research cen-
ters and neighboring countries to select adapted and
high-yielding varieties preferably wi th tolerance of
diseases and insects. More emphasis w i l l be placed
on genotypes that w i l l be more readily acceptable to
the Basotho people. The SADCC/ ICRISAT Ground-
nut Project material shows promise for use in Les-
otho. There is a need to conduct further agronomic
studies on date of sowing, plant density, nutr i t ion, and
weed control. There is a need for mult i locational t r i -
als to evaluate y ie ld stabil ity, and for on-farm trials to
assess per fo rmance of selected mater ia ls under
farmers' condit ions, before recommendations can be
made.
I C G V - S M 86595, I C G V - S M 86061, and I C G V -
SM 86973 recorded seed yields of 1 t ha -1.
Future Research and
Development
Groundnut Seed Production Project for Small-scale
Farmers in Zambia
1
Abstract
A small-scale, seed-growers project has been initiated in the Eastern Province, Zambia, to recruit 
and train small-scale farmers in the production of good quality groundnut (Arachis hypogaea L.) 
seed, thereby improving its availability to Zambian farmers. The implementation of the project is 
described and present limitations are briefly discussed. 
Introduction
The national marketed groundnut (Arachis hypogaea 
L.) production in Zambia stood at 24 000 t in 1967
and only 765 t in 1982. Al though there has been a 
slight but consistent increase in the total groundnut
production since 1982 (Table 1), marketed surplus has
been small and erratic. The increase in groundnut
production in Zambia has not kept pace wi th the in-
crease in the population, creating a shortfall in the
supply of groundnut and therefore increasing prices
to maximum levels the urban consumer can afford.
The shortage in groundnut production is reflected not
only in the high consumer prices, but also in the
diff iculty the processors face to obtain raw material.
1. The paper was presented by J.C. Musanya.
2. Food Legume Coordinator, Msekera Regional Research Team, P.O. Box 510089, Chipata, Zambia.
3. Groundnut Breeder and Coordinator at the above address.
4. Zamseed Project Manager, Zamseed Co. Ltd., P.O. Box 510695, Chipata, Zambia.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for 
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
Table 1. Groundnut production and market ing in Z a m -
bia, 1980-86
1
.
Year
1980
1981
1982
1983
1984
1985
1986
Groundnut
product ion
(t)
116558
55640
9372
10980
13273
14517
18184
Marketed
groundnut
(t)
4960
1455
765
1042
1156
2419
6280
1. Source: Zamb ia : M i n i s t r y o f Ag r i cu l t u re and Water Development
(1983).
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2
, M.B. Syamasonta
3
, and J.K.R.S. Zimba
4
Whi le there continues to be great potential to export
groundnuts, the processors cannot satisfy the local
demand for groundnut products (Zambia: Min is t ry of
Agricul ture and Water Development 1983).
The inadequate supply of good quality. seed to
growers has been one of the major factors responsible
for reduced groundnut production in the country. The
Zambia Seed Company (Zamseed), which is the sole
producer of certif ied seed in the country, has never
been able to satisfy the demand of growers for seed.
Large-scale growers normal ly contracted by Zamseed
for seed production are reluctant to grow groundnut
because of the crop's high labor demand. The seed
company is concerned that small-scale farmers w i l l
be unable to pay the high price for cert i f ied seed.
There are five released groundnut cultivars avail-
able for commercial production in Zambia. The large-
seeded Chalimbana and the high-oi l -y ie lding Maku lu
Red are both long-season cult ivars, and are recom-
mended for the major groundnut-producing areas of
eastern and central plateau where rainfall is moderate.
The short-season Comet and Natal Common are rec-
ommended for the l ight-textured soils of the Southern
and Western Provinces where rainfall is low to mode-
rate. In 1988, MGS 2 was released by the Research
Branch to supplement Chalimbana. Al though MGS 2 
has smaller seeds they are more uni form. A lso, it
yields more than Chalimbana. MGS 4 ( I C G V - S M
83708 or ICGMS 42) was approved for prerelease
testing nationwide in 1987 and M G S 3 in 1989. These
varieties have superior y ie ld and seed qualities and
have been found to possess better early leaf spot (Cer-
cospora arachidicola Hor i ) tolerance than Maku lu
Red.
The expected impact f rom release of improved
cult ivars w i l l not be achieved unless the groundnut
seed-supply problem to the small-scale farmers is
solved.
To a l lev ia te the p r o b l e m of seed supp ly to
farmers, a small-scale seed growers* project has been
initiated by the government, wi th funding from the
Swedish International Development Agency (SIDA)
Training Program, in the Min is t ry of Agr icul ture. The
project is expected to continue for 3 years, commenc-
ing the 1989/90 season.
tential exists for small-scale farmers to produce the
seed. Cotton seed-growing schemes by small-scale
farmers, which were introduced in 1975, have proved
to be quite successful. Past experiences by Zamseed
have shown that whi le small-scale seed production
schemes are di f f icul t to implement, the small-scale
farmers have contributed significantly towards alle-
viat ing seed shortages.
A small-scale seed growers' project is therefore
being implemented in the Eastern Province wi th ma-
jo r emphasis on groundnut seed production.
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Project Background and
Justification
Groundnuts, beans, rice, and soybean are crops that
experience shortage of certif ied seed and a good po-
1. Project planning
A detailed workplan covering the agricultural season
has to be prepared annually. This plan should indicate
Objectives and Targets
The overall objectives of this project are to:
• improve knowledge and develop sk i l ls among
small-scale farmers in seed production of ground-
nuts and beans,
• develop a system for input supply on credit, and
delivery of the seed appropriate to the needs of the
small-scale growers, and
• develop the organization and management of seed
control and cer t i f i ca t ion of crops produced by
small-scale growers.
The project aims to recruit and train a min imum
of 90 small-scale groundnut-seed growers in the
1989/90 cropping season. In the 1990/91 season a 
min imum of 180, and in the 1991/92 season a min i -
mum of 270 growers should be producing groundnut
as well as bean seed.
The project also plans to establish a revolving
fund system whereby small-scale growers w i l l be
able to finance necessary inputs.
Method
The project is implemented jo in t ly by Zamseed, Ex-
tension Branch, Research Branch, and the Seed Con-
tro l and Cer t i f ica t ion Insti tute (SCCI ) . A Project
Manager, employed by Zamseed and based in Chip-
ata, is responsible for planning and coordinating ac-
tivit ies among all the parties involved. The fo l lowing
activities are undertaken.
activities to be undertaken by the different parties
involved and the t ime schedule. A procurement plan,
t ra in ing p lan, and budget should accompany the
workplan. The Project Manager is responsible for the
preparation of this plan.
branch and the SCCI officers enabling all growers to
discuss their experiences of seed production and any
problems encountered.
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3. Training
Train ing of growers is the responsibil ity of the Pro-
ject Manager, who also consults research and exten-
sion, and SCCI officers for advice on crop husbandry
practices and seed regulations. A plan to train and
visit is drawn up by the Project Manager, in coopera-
tion wi th the Distr ict Agricultural Officers concerned,
at the beginning of the season to ensure that al l
growers are visited often enough.
The Project Manager is expected to hold presow-
ing meetings in col laboration With the Extension
Branch and the SCCI staff and wi th growers in each
zone in November to early December. These meet-
ings should focus upon the characteristics of varieties
to be grown, choice of field, crop husbandry prac-
tices, and postharvest handling of the crop. Contrac-
tual obligations on the part of the grower, as wel l as
on the part of Zamseed, should be highlighted at these
meetings. The purpose and actual implementation of
S C C I f i e l d inspect ions shou ld also be c lea r l y
described.
The Project Manager and Extension Officers are
expected to visit growers regularly to give advice,
whi le breeders should visit growers during flowering
and harvesting to check crop development and advise
as necessary.
The Project Manager is also required to organize
postharvest meetings to be attended by the extension
2. Recruitment of growers
Growers are recruited by the Project Manager in co-
operation w i th the research and extension branches
and SCCI in zones that are suitable for the production
of the crop and are accessible. Seed farmers should
be concentrated wi th in zones to minimize costs in-
volved in supervision and control of production and
for delivery of inputs and the collection of seed pro-
duced. To be eligible for the scheme, growers should
sow a min imum of 0.5 ha and a maximum of 1 ha.
Each selected grower enters into a production con-
tract w i th the seed company and registers his crop
wi th the SCCI.
Zamseed supplies inputs for seed production to the
g rowers . These inc lude parent seed, f e r t i l i ze r ,
pesticides, and bags. Inputs are delivered by Zamseed
to growers at zonal points at a specif ied t ime as
agreed between the Project Manager and growers.
The Project Manager keeps a record of the quan-
tities of inputs del ivered and the costs, inc luding
transport cost for each grower. Upon delivery of the
seed, this amount is deducted f rom the seed crop
payment.
Dur ing the 2nd year of seed crop cultivation the
grower w i l l , if feasible, be required to deposit part of
the cost of inputs before delivery of the items.
Seed production by growers has to comply wi th the
contractual arrangements wi th Zamseed and should
be in accordance wi th the Seeds Act.
The Project Manager, SCCI, Extension Officers,
and breeders have a major responsibility in ensuring
seed quality by advising growers throughout the sea-
son, so that good crop husbandry is practised, rogue-
ing is carried out, and harvesting and postharvest
operations methods are correctly implemented.
Seed inspectors are required to carry out t imely
and frequent inspections and advise growers on im-
proved seed production.
6. Seed delivery and payments
Delivery of seed w i l l take place as soon as sampling
by the SCCI seed inspectors is carried out. Groundnut
w i l l be purchased unshel led. The bags w i l l be
weighed and provisionally sealed by the inspector
and transported to Zamseed depot in Chipata. When
the seed has been processed and test results are com-
plete, labels w i l l be provided by SCCI and the bags
w i l l be finally sealed.
Growers w i l l be paid in cash according to estab-
lished prices, and based upon the quality of seed after
deducting the costs of the inputs and transport. Seed
5. Production and quality control
4. Input supply and financial
arrangements
fai l ing to reach required quality standards w i l l be
rejected.
1. Liaison and coordination
Liaison between Zamseed and the Research Branch
in the moni tor ing of training activities has been inad-
equate. Plant pathologists have not been involved in
any of the training sessions held to date. Training
sessions have so far not been wel l coordinated. Train-
ing is recognized as the most important element in the
success of this scheme. It is therefore important that
there is a close liaison between parties involved in
planning for training.
Conclusion
The small-scale seed growers project initiated in the
Eastern Province is a step in the r ight direction to-
wards alleviating the problem of supply of improved
groundnut seed to farmers.
If there is a closer l iaison between parties in -
volved and if training activities are well coordinated
in the remaining 2 years of the project, the scheme
should prove successful in promoting production of
improved seed by small-scale farmers.
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2. Price of certified seed
Since Zamseed is to market cert i f ied seed produced
by the growers, the price is expected to be quite high
and may not be easily affordable for most of the
small-scale farmers.
There is a need to intensify extension services to
demonstrate the advantages of using cert i f ied seed in
7. Organization, monitoring, and
evaluation 3. Funding
addition to using correct agronomic practices. Unless
farmers accept the benefits of using improved seed,
they w i l l not be w i l l i ng to pay a h igh price.
The fate of this scheme after the 1991/92 season is not
predictable. Three years of production in a small area
w i l l not make much impact on groundnut production
nationwide. The government should plan on a long-
term project covering all major groundnut-producing
areas in the country.
A project committee, consisting of the Zamseed Pro-
duction Manager and representatives f rom the Exten-
sion Branch of SCCI and the Seed Train ing Program,
is responsible for moni tor ing the project at the head-
quarters. The committee is responsible for approving
the proposed work plan and budget submitted by the
Project Manager for the forthcoming season.
The committee is also responsible for discussing
and analyzing the quarterly reports on progress of
project activities including problems encountered in
project implemention as wel l as recommending to the
Project Manager any necessary measures to be taken
when required.
Discussion on Present
Limitations
Although it is too early to evaluate the performance
of the scheme, many l imitations and diff icult ies can
be foreseen.
Discussion
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Subrahmanyam: Do you take into consideration
el iminating some of the seedborne diseases, e.g., pea-
nut mott le v i rus, in your seed-production plots in
Zambia?
Musanya: Yes, we have a fu l l - t ime pathologist look-
ing into this aspect.
Doto: How do you account for the low volume of
marketed production when the groundnut production
was high in 1980 and 1981, and the increase in mar-
keted production in 1986 when the production was not
so high?
Musanya: Low volumes for the marketed production
in 1980 and 1981, when production was h igh, were
related to the price offered. That period coincided
wi th the part icularly low price offered for groundnut
and most of the produce went to informal channels
where the price offered was higher than the official
one. In 1986, the marketed volume was higher than
1980 and 1981, even when production was not very
high because by then steps had been taken by the
government to offer a higher price for groundnuts
which was attractive enough to farmers.
Ndunguru: We seem to be report ing production and
marketed figures in the region using conventional
sources whi le we know very well that these do not
actually reflect the realities.
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Agronomy/Physiology
Importance of Rotation with Groundnut for Cereal
Productivity
Introduction
As cereals are the staple diet of subsistence farmers,
they feel obliged to concentrate on cereal production
when land availabil ity and soil fert i l i ty are decreas-
ing. In many countries, south of the Sahara and else-
where, increasing population pressure on the land has
thus led to extended cereal monoculture. Small-scale
farmers usually cannot afford to counteract the nega-
tive effects of crop succession by adequate ferti l izer
application.
Replacement of the old fal low system with pre-
dominant cereal production including rotations with
legumes and other noncereals in central Europe as
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Abstract
In a rotation experiment conducted from 1981 to 1986, preceding groundnut crops led consistently to 
high maize yields. On the other hand, a maize/groundnut intercrop and maize and sorghum sole 
crops proved to be poor preceding crops for cereals. 
Maize test-crops grown without N on all plots of the rotation experiment during 1987 and 1988 
revealed strong favorable residual effects of preceding groundnut. However, an appreciable residual 
effect of maize/groundnut intercropping was noticed in 1987 only. Previous maize crops led to poor 
test crop yields. Sorghum cultivation before or during 1986 was detrimental to maize productivity in 
1987 and 1988. 
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f rom the middle of the previous century has been
considered one of the most important factors respons-
ible for the tremendous increase in cereal produc-
t iv i ty in that area.
Dur ing recent years, cropping-systems research
has been carried out in various Af r ican countries i n -
cluding northern Niger ia (Lombin 1981) and Ghana.
In the northern and upper regions of Ghana, crop-
rotat ion, intercropping, and al ley-cropping exper i -
ments have been conducted since 1981 to ident i fy
cropping systems that w i l l ensure the maintenance of
high productivi ty of permanently cult ivated soils. In
this paper, beneficial residual effects of groundnut
(Arachis hypogaea L.) cult ivat ion on the productivi ty
of the subsequent crop of maize (Zea mays L.) in an
expe r imen t las t ing f r o m 1981 to 1988 w i l l be
discussed.
Materials and Methods
The experiment was conducted at Nyankpala in the
Guinea Savanna zone (9o25'N and 1oW, 200 m above
sea level). There is one rainy season f rom A p r i l to
October w i th a peak f rom July to September and the
annual rainfal l is 1069 m m . The soil is sandy loam
(chromic Luviso l ) over a skeletal phase developed
over sandstone. Carbon (0.5%) and nitrogen (0.04%)
contents are low and the pH is 6.3.
In 1981, maize, groundnut, maize/groundnut inter-
cropping, yam (Dioscorea rotundata L.) , and sor-
Table 1. Influence of preceding crops on the grain yield of maize at Nyankpa la , Tamale , Ghana , in five seasons, 1982-86.
Preceding crop in
rotation w i t h maize
Maize
Groundnut
Maize/groundnut intercropping
Yam
Sorghum
SE
Mean
C V ( % )
Ni t rogen appl ied
to maize
(kg ha - 1)
0
60
Mean
0
60
Mean
0
60
Mean
0
60
Mean
0
60
Mean
a1
b1
b/a1
ab1
0
60
Mean
a1
b1
Maize grain y ie ld ( t ha - 1)
1982
1.04
2.80
1.92
2.83
4.12
3.48
0.94
2.69
1.82
2.30
4.18
3.24
0.75
2.03
1.39
±0.208
±0.079
±0.177
±0.243
1.57
3.16
2.37
25
15
1983
0.38
1.58
0.98
1.66
3.20
2.43
0.86
2.08
1.47
0.84
2.78
1.81
0.26
1.21
0.74
±0.146
±0.052
±0.117
±0.168
0.80
2.17
1.49
28
16
1984
1.19
4.72
2.96
3.02
6.36
4.69
1.45
4.27
2.86
1.66
5.73
3.69
0.58
3.45
2.01
±0.233
±0.112
±0.251
±0.293
1.58
4.91
3.24
20
15
1985
1.72
4.47
3.10
3.62
5.55
4.58
2.64
4.53
3.58
2.04
5.62
3.83
1.40
3.80
2.60
±0.145
±0.054
±0.121
±0.168
2.28
4.79
3.54
12
7
1986
2.35
3.74
3.04
3.35
4.06
3.70
2.98
3.83
3.40
2.70
3.86
3.28
2.07
3.12
2.59
±0.086
±0.076
±0.170
±0.148
2.69
3.72
3.20
8
11
1. a = Preceding crops ( m a i n p lo ts) ; b=N app l i ca t ion (subplots) levels; b/a = b w i t h i n each a (o r N levels w i t h i n p reced ing c rop t reatments) ; ab = 
In teract ion.
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ghum [Sorghum bicolor (L. ) Moench] were sown in
adjoining strips. Spacings were 80 cm x 25 cm for
maize, 60 cm x 15 cm for groundnut, 120 cm x 120
cm for yam, and 80 cm x 30 cm for sorghum (tall
local). Intercropped maize and groundnut were sown
in alternating rows 60 cm apart and at the sole-crop
intrarow spacings. In 1982, the same crops were
grown in strips at r ight angles, across those of 1981,
so that all possible crop successions were realized.
The direction of plant rows was not altered. Plots
reserved for crop successions were divided into sub-
plots, wi th and without N application. Thi r ty kg N 
ha -1 was applied to groundnut and 60 kg N ha-1 to all
other crops. There were four replications. Annual
repetition of these treatments until 1986 allowed eval-
uations of alternating horizontal and vertical crop se-
quences and N fert i l izer effects.
Du r i ng the 1987 and 1988 c ropp ing seasons,
maize without N ferti l izer application was sown as a 
test crop on all the plots. For evaluations, the 1986
crops were the main plots in a split-split plot, the 1985
crops (grown in rotation wi th 1986 crops since 1981)
were the subplots, and previous N treatments were
the sub-subplots. Border effects were eliminated.
Prior to each season, 26 kg P2O5 ha
-1 was applied
as superphosphate and f rom 1984, 50 kg K ha - 1 as
KCI. Cereal residues were removed, but those of
groundnut and yam were left in the experimental
fields. Grain yields were calculated on a 12% mois-
ture basis.
Table 2. Influence of various crop successions and nitrogen fertilizer application dur ing 1981-86 on the grain yield of a 
maize test crop at Nyankpala , Tamale , Ghana , 1987.
1986
crop
Maize
Maize/groundnut
Groundnut
Yam
Sorghum
Mean
SE
N applicat ion1
1981-86
Not applied
App l ied
Mean
Not appl ied
App l ied
Mean
Not applied
App l ied
Mean
Not appl ied
App l ied
Mean
Not appl ied
Appl ied
Mean
Not appl ied
App l ied
Mean
a2
b2
C2
1985 crop in rotation w i th 1986 crop since 1981
Grain yields of maize (t ha - 1)
Maize
0.81
1.43
1.12
1.72
2.12
1.92
2.62
3.00
2.81
0.91
1.94
1.42
0.51
1.07
0.79
1.32
1.91
1.61
±0.073
+ 0.054
± 0.021
Maize/
groundnut
0.93
1.40
1.17
1.80
2.16
1.98
2.69
2.97
2.83
1.32
2.11
1.71
0.80
1.23
1.02.
1.51
1.97
1.74
b/a2
c/a2
c/a2
Groundnut
1.18
1.52
1.35
1.83
2.13
1.98
3.10
3.39
3.24
1.89
2.18
2.03
1.11
1.66
1.39
1.82
2.18
2.00
±0.120
±0.047
±0.047
Yam
0.92
1.21
1.07
1.71
1.90
1.81
2.64
3.03
2.84
0.88
1.88
1.38
0.68
1.20
0.94
1.37
1.84
1.60
ab2
ac2
bc2
abc
Sorghum
0.43
0.98
0.70
1.15
1.78
1.47
1.10
2.12
1.61
0.28
1.22
0.75
0.38
0.85
0.62
0.67
1.39
1.03
±0.130
±0.080
±0.063
±0.150
Mean
0.86
1.31
1.08
1.64
2.02
1.83
2.43
2.90
2.66
1.05
1.86
1.46
0.70
1.20
0.95
1.34
1.86
1.60
1 . 3 0 k g N h a - 1 t o g r o u n d n u t ; 6 0 k g N h a - 1 t o a l l o t h e r c r o p s , 1987 n o N a p p l i c a t i o n .
2. a = 1 9 8 6 c r o p s ( m a i n p l o t s ) ; b = 1 9 8 5 c r o p s ( s u b p l o t s ) ; c = N a p p l i c a t i o n ( s u b - s u b p l o t s ) .
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Grain yields of maize obtained after various preced-
ing crops between 1982 and 1986 are presented in
Table 1.
In all the test seasons, maize yielded most when it
fo l lowed groundnut and less when it fo l lowed maize
or sorghum. The differences in y ie ld were greatest
when no nitrogen was added. The actual magnitude of
the differences (average of five test seasons) was as
fol lows: compared to maize fo l lowing maize, yields
of maize fo l lowing groundnut were 2.2 times greater
without nitrogen and 1.3 times greater w i th nitrogen.
S imi la r ly , compared to maize fo l l ow ing sorghum,
yields of maize fo l lowing groundnut were 2.9 times
greater without nitrogen and 1.7 times greater wi th
nitrogen.
M a i z e / g r o u n d n u t i n te r c ropp ing as p reced ing
crops for maize was at first hardly superior to sole
maize but improved subsequently and finally ranked
between cereals and groundnut.
In 1987, the first test season for residual effects,
maize yields were highest on the plots that had
groundnut monoculture. The yields from plots that
had groundnut in rotation w i th other crops, including
maize, were only sl ightly lower than the highest (Ta-
ble 2). However, yields were lower in plots that had
sorghum in rotation w i th groundnut.
Table 3. Influence of various crop successions and nitrogen fertilizer application dur ing 1981-86 on the productivity of a 
second maize test crop at Nyankpala , Tamale , Ghana , 1988.
1986
crop
Maize
Maize/groundnut
Groundnut
Yam
Sorghum
Mean
SE
N appl icat ion1
1981-86
Not appl ied
App l ied
Mean
Not appl ied
App l ied
Mean
Not appl ied
Appl ied
Mean
Not appl ied
Appl ied
Mean
Not appl ied
App l ied
Mean
Not appl ied
App l ied
Mean
a2
b2
c2
1985 crop in rotation w i th 1986 crop since 1981
Grain yields of maize (t ha - 1)
Maize
1.00
1.06
1.03
1.04
1.07
1.05
1.28
1.32
1.30
0.68
1.18
0.93
0.68
1.16
0.92
0.93
1.16
1.04
±0.121
±0.091
±0.025
Maize
groundnut
0.92
0.97
0.95
1.02
1.13
1.08
1.46
1.82
1.64
1.02
1.30
1.16
0.83
0.84
0.84
1.05
1.22
1.13
b/a2
c/a2
c/b2
Groundnut Yam
1.00 0.98
1.24 1.11
1.12 1.04
0.74 1.00
1.26 1.16
1.00 1.08
2.73 1.88
2.92 2.14
2.82 2.01
1.41 0.76
2.05 0.98
1.73 0.87
0.94 0.48
1.13 0.43
1.04 0.45
1.36 1.02
1.72 1.17
1.54 1.09
±0.203 ab 2
±0.057 ac2
±0.057 bc2
abc2
Sorghum
0.41
0.82
0.61
0.55
1.04
0.79
0.93
1.22
1.08
0.22
0.39
0.30
0.33
0.66
0.50
0.49
0.83
0.66
±0.218
±0.127
±0.099
±0.236
Mean
0.86
1.04
0.95
0.87
1.13
1.00
!.65
1.88
1.77
0.82
1.18
1.00
0.65
0.85
0.75
0.97
1.22
1.09
1 . 3 0 k g N h a - 1 t o g r o u n d n u t ; 6 0 k g N h a - 1 t o a l l o t h e r c r o p s , 1 9 8 7 a n d 1 988 n o N a p p l i c a t i o n .
2. a = 1 9 8 6 c r o p s ( m a i n p l o t s ) ; b = 1 9 8 5 c r o p s ( s u b p l o t s ) ; c = N a p p l i c a t i o n ( s u b - s u b p l o t s ) .
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Results and Discussion
Yields were generally low where maize fol lowed
maize or sorghum d i rec t ly . For these preceding
crops, previous rotation wi th groundnut was favor-
able, but monoculture of sorghum or maize-sorghum
rotation was unfavorable. Preceding maize/groundnut
intercropping led to test crop yields that were between
sole groundnut and sole maize.
In the second test season (1988), groundnut mono-
culture until 1986 was again the most favorable treat-
ment (Table 3). The second best was yam-groundnut
rotation and third, a rotation of maize/groundnut inter-
cropping and groundnut. Rotation of groundnut and
sorghum before 1986 tended to lead to low maize
yields in 1988. These results show that groundnut
cult ivation, particularly repeated groundnut cult iva-
t ion or yam-groundnut rotation, may increase the
maize yield up to 2 or 3 years later. In the cases of
groundnut rotation wi th maize or maize/groundnut in-
tercropping, the favorable effect decreases when
maize fol lows on the same land for a second time.
Negative effects of cereal successions are ex-
plained by very low nitrogen contents in cereal resi-
dues leading to pronounced n i t rogen def ic iency
dur ing decomposi t ion (Schmidt and Frey 1988).
However, a lasting negative effect of tall local sor-
ghum on maize, even when other crops, including
groundnut , f o l l ow the sorghum, is remarkab le .
Burgos-Leon et al. (1980) explained negative effects
of sorghum on subsequent crops by allelopathy.
According to experience in various experiments,
crop-rotation effects are strongest on light soils, in
par t icu lar on soi ls w i t h a poor n i t rogen status.
Groundnut does not need nitrogen fertil izer. If phos-
phorus fert i l izer is not applied di rect ly , this crop
should at least be able to take advantage of residual
phosphorus applied to preceding cereals. Replacing
monoculture of maize by a maize-groundnut rotation
may lead to such an increase in maize productivity
that the same quantity of maize may be produced on
the reduced area.
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Discussion
Rweyemamu : You mentioned that groundnut does
not need any nitrogen ferti l izer according to the expe-
rience in various experiments. Is this because the
crop fixes enough N? If so, how much N is fixed by
the crop in that area?
Schmidt : Studies have shown that in good years/sea-
sons the groundnut crop does fix up to 70 kg N ha-1
a-1. However, in bad years the crop can fix as low as
0-12 kg N ha -1 a-1.
Mayeux : At which period was N applied? According
to your results, do you think an application of po-
tassium to sorghum can be recommended to expect a 
reasonable yield? Do you leave stover in the field
after harvest?
Schmidt : N was applied at sowing as side-dressing.
No experiment has been done in the way you sug-
gested but it is certainly true that potassium can help
sorghum production. Stover is removed from the field
because of the diff iculty to protect the field experi-
ment from being burnt.
Ismael : You mentioned that groundnut preceded by
groundnut and the application of ferti l izer resulted in
lower yield. Do you attribute this to weed infection?
D id you notice any difference in canopy development
compared to higher-yielding treatments?
Schmidt : We noticed luxuriant growth of weeds and
attributed the lower yield to competition.
Subrahmanyam : D id you analyze the parti t ioning
coefficients in groundnut after groundnut and N-fert i l -
ized groundnut crops treatments?
Schmidt: Apparently there were no differences in
vegetative growth and yield in these treatments.
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Improving the Maize/Cowpea/Groundnut Intercropping
System in Maputo Province, Mozambique
Introduction
The area around Maputo, especially Benfica and Ma-
chava districts, is considered a low-potential area in
terms of crop production. However, the pressure to
produce more agricultural output from the same piece
of land has been mounting—fueled by rapid popula-
tion increase. Tradi t ional ly , cassava (Manihot es-
culenta Crantz), maize (Zea mays L.), cowpea [Vigna
unguiculata (L.) Walp.], groundnut (Arachis hypo-
gaea L.), and sweet potato [Ipomoea batatas (L. )
Lam.] have been considered as the principal food
crops in the area (van Leeuwen 1987; Heemskerk et
al. 1987).
Wi th the exception of sweet potato, the crops men-
tioned above are generally grown in mixtures, where
the four crops are grown together in one field under
rainfed conditions. Returns from the land have in gen-
1.
2.
3.
Tropical Crop Specialist, Faculty of Agronomy and Forestry Engineering, C.P. 257, Maputo, Mozambique.
Assistant Lecturer at the above address.
Farming Systems Specialist at the above address.
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Abstract
Since 1988, maize/cowpea/groundnut intercropping has emerged as the predominant agricultural 
production system in Benfica and Machava districts of southern Mozambique, Previous knowledge 
relating to groundnut (Arachis hypogaea L.) production constraints was confirmed by two surveys 
conducted in 1988 and 1989. 
Changes in cropping patterns were observed and suggestions made to reduce production con-
straints. Research priorities were formulated, based on the information gathered, and research 
initiated to address these priorities. These research activities and the need for more quantitative 
data to be collected are discussed. 
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eral been below expectations and the need to increase
and stabilize agricultural production has, in recent
years, received attention at various levels.
A Farming Systems Research (FSR) project based
at the Faculty of Agronomy and Forest Engineering in
Maputo became operational in 1987. The project aims
to identify key factors that l imi t agricultural produc-
tion in the target area and develop ways to overcome
these l imitations.
Wi th in the framework of the FSR project, a socio-
economic survey (Lundin 1988) was conducted dur-
i ng January 1988 to p rov ide de ta i led basel ine
information about the target area (green belts of Ben-
fica and Machava districts). This was fol lowed up
later w i th observations and discussions w i th farmers
from January to June 1989.
In this paper, an attempt is made to integrate infor-
mation accumulated f rom the 1988 survey and f rom
the 1989 observations to:
a) describe in br ief the predominant cropping sys-
tem in the target area, point ing out the changes
that have taken place over a short per iod; and
b) draw attention to factors considered as important
in l imi t ing crop production, in particular ground-
nut, and to generate discussion about possible al-
ternatives open to researchers in addressing the
situation described in this paper.
The study area covers areas near Maputo Ci ty, local ly
designated as districts 6 (Benfica) and 7 (Machava).
Mean annual rainfal l ranges f rom 800 mm to 1000
m m , and is poor ly distr ibuted f rom September to
March (Table 1).
Soils in the area are classified into two major
types: the sandy soils on the ridges, and the l ight
sandy loams to heavy clay soils at the foot of the
valley. The sandy soils, dominant in the study area,
are extremely unproductive wi th l itt le organic matter
(90% sand, 0 .6 -1 .1% organic matter, 0 .04-0.7% N,
and 10 ppm P) (Spittel et al . 1988).
The survey by Lundin (1988) indicated that five crops
can be considered as the major crops of the study
area. The four which are generally grown in mixtures
are cassava, maize, groundnut, and cowpea. T w o
cropping patterns emerged f rom the study (Fig. 1).
Cassava is normal ly planted in July and August,
fol lowed by groundnuts and maize w i th the onset of
the first rains. Cowpea is added to the mixture dur ing
weeding. Maize is harvested f rom January, fol lowed
by groundnut in February, thus mak ing available
more space for cowpea. Beginning February, cowpea
(generally a photosensitive prostrate type), rapidly ex-
pands to cover the space vacated by maize and
groundnut. Mature cowpea pods are harvested in
Ap r i l and May.
Sweet potatoes are planted (by about 5 6 % of the
households) on a l imi ted scale near homesteads, e i -
ther as border crops or under cashew or mafurra (Tri-
chilia emetica) trees. The sweet potato is planted
from August or September and the crop is ready for
harvest from December to February.
The 1988 survey indicated that farmers consider
maize as the basic food crop (grown by 100% of
households) and cassava as a security crop. On the
other hand, groundnut (grown by 9 3 % of households)
is considered an essential ingredient in dai ly diets
Table 1. Cl imat ic parameters for Maputo , Mozambique , 1987
1
. (Period of crop growth O c t - A p r . )
Parameter
Temperature ( °C)
Precipitat ion ( m m )
Potential
evaporation ( m m )
Jul
19
18
63
A u g
20
18
86
Sep
22
36
110
Oct
23
57
132
Nov
24
78
141
Mon th
Dec
25
87
159
Jan
26
140
157
Feb
26
137
134
Mar
25
87
126
A p r
24
68
97
M a y
21
28
74
Jun
19
27
57
1. Source: van Leeuwen (1987) .
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Description of the Study Area
Cropping Systems
providing fats and protein. Cowpea (grown by 90% of
households) leaves are highly valued as a source of
protein and vitamins. In addit ion, cowpea is grown
for its protein-rich pods and grain.
From 1989, we observed a significant reduction in
cassava fields f rom 94% of the households indicated
by the 1988 survey. The reduction in cassava is attrib-
uted to the threat posed by the cassava mealybug
(Phenococcus manihoti) present around Maputo from
1987/88 (Spittel et al . 1988). If efforts to contain the
mealybug problem do not produce positive results in
the near future, there could be a complete disap-
pearance of cassava from the cropping system. At the
same t ime, the dominant maize/cowpea/groundnut in-
tercropping pattern further threatens the survival of
cassava.
This change could have far-reaching implications
not only for the food security in the area, but also for
the general cultural practices wi th in the now three-
component cropping pattern. One such immediate re-
action, at least on part of planners, is to encourage the
production of more sweet potato in the area.
As mentioned earlier, the agroclimatic conditions in
the area pose limitations to increased crop produc-
tion. Each of the components in the maize/cowpea/
groundnut intercrop mixture invariably suffers f rom
stress imposed by insufficient and erratic rainfall and
nutrient deficiencies (van Leeuwen 1987; Spittel et al.
1988; Ramanaiah et al. 1989).
So far as groundnut is concerned, other factors
also appear to play a significant role in l imi t ing pro-
duction. Among these, diseases and pests rank highly
(Ramanaiah and Chilengue 1986; Ramanaiah et al.
1989). We confirmed, during our visits to the study
area in 1989, that this situation had not changed.
We also confirmed that the majority of farmers
sow groundnut d u r i n g August and September,
whereas studies on t ime of sowing suggest November
to be the opt imum. This aspect needs to be examined
in relation to the overall cropping pattern. The farmer
considers maize as the most important crop in the
mixture. To avoid the losses because of stalk borer
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Factors Limiting Production
Figure 1. Predominant cropping patterns in Benfica and Machava districts, Mozambique, 1989.
(Source: Lundin 1988.)
Maize
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Sowing/planting
Harvesting
Pattern I 
Groundnut
Cowpea
Pattern II
Sweet potato
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Month
(Chilo partellus) in November and December, the
farmer prefers to sow maize before October. Ground-
nut, too, is sown at the same t ime. Much needs to be
done at the system level to encourage changes in the
time of sowing of groundnut/maize f rom August/Sep-
tember to around November.
The lack of seed reported in the Lundin (1988)
survey, was clearly seen dur ing the 1989 observa-
tions. Low groundnut plant densities in many fields
were attributed to small seed stocks at the t ime of
sowing. Many farmers also attributed the absence of
groundnut in many maize/cowpea fields to the short-
age of seed.
Research Priorities and
Ongoing Research
Guided by the surveys, we have focused our research
priori t ies on the fo l lowing broad areas:
A. Research into ways of improving the soil in terms
o f wa te r r e t e n t i o n c a p a c i t y and n u t r i e n t
availabil i ty.
B. The formulat ion of appropriate practices to min i -
mize losses because of diseases and insect pests.
C. Identification of suitable varieties and agronomic
practices related to crop combinat ions in the
three-crop system.
The work covers both on-station and on-farm re-
search. Wi th in the framework of these prior i t ies, re-
search ac t iv i t ies in phases focus on the maize /
cowpea/groundnut intercrop system as a unit and in-
clude the fo l lowing:
A. Evaluation of different sources of organic matter
for use in farmers' fields. Already there are indi-
cations as to which materials deserve further test-
ing, f irst on-station, and finally on-farm.
B. Investigating the response of maize and ground-
nut to soil application of different levels of ma-
furra cake is under investigation. Mafurra cake
has the effect of improving the soil organic matter
content and increasing the y ie ld of maize, but not
that o f g roundnut . The lack o f response of
groundnut was attributed to increased shading ef-
fects of maize. Both maize and groundnut showed
increased vegetative growth, which could have
resulted in greater shading of groundnut by
maize. Further tr ials are planned to evaluate
wider spacing for maize and the effect of mafurra
cake on sole groundnut.
C. Studies on relay-cropping systems involv ing Leu-
caena and pigeonpea as green manure crops wi th
maize and groundnut as test crops. Problems re-
lated to establishment of Leucaena plants have
been encountered.
D. Evaluation of the response of groundnut to P ap-
plication in farmers' fields continues. Substantial
y ie ld increases have been achieved wi th P appli-
cation, although the y ie ld levels stil l remain low.
E. The s t rong associat ion between maize and
groundnut implies that changes in sowing time
for maize would be necessary for the sowing of
groundnut at the recommended t ime (November).
Appropriate methods of maize stalk borer control
would have to be found to make it attractive to
sow maize in November. An on-farm tr ial to ver-
i fy the eff icacy of cypermethr in (mixed w i th
sand) in control l ing stalk borer is in progress.
Work is also in progress at the Faculty of Agron-
omy and Forest Engineering, Universidade Eduardo
Mondlane, Maputo, to study in detail, each of the
component crops in the maize/cowpea/groundnut in-
tercropping system under the conditions prevai l ing in
Maputo Province.
Conclusion
More quantitative data needs to be accumulated over
many seasons before meaningful inferences can be
drawn regarding each item of the research program.
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gins in August to September. Is this not contrary to
the effective cropping season?
Doto: Sowing depends on the onset of rains since
rains could start in July or August or as late as No-
vember. Farmers, therefore, sow at any time if they
consider that there is enough soil moisture.
Sibale: Please define what the source of mafurra
cake is and the characteristics of the cake.
Doto: Mafurra is a tree. It produces a frui t that con-
tains o i l . Once the o i l has been extracted, the cake is
used to improve soil organic matter. The botanical
name of the tree is Trichilia emetica. 
Discussion
Omanga: I would like to know the crop arrangement
you use in your three crop (maize/groundnul/cowpea)
intercropping system.
Doto: This is a complex issue. In Maputo, we are
handling two crops at a t ime, i.e., groundnut/maize
and cowpea/groundnut.
Chigwe: In your observations on the stalk borer on
maize, which species is more important? In Malawi ,
we have found that Busseola fusca is more important
in the upland areas whi le Chilo partel lus is more
important at lower altitudes.
Doto: The most important species of stalk borer in
the M a p u t o Prov ince of M o z a m b i q u e is Chilo 
pattellus.
M a m b a : The effective cropping season begins in
October and ends in Ap r i l . However, cropping pat-
tern-I shows that sowing of groundnut and maize be-
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Groundnut/Maize Intercrop: Effect of Spatial
Arrangement on Yield and Its Components
Abstract
The Pulses and Groundnut Project at the Sokoine University of Agriculture, Tanzania, has identified 
some high-yielding groundnut (Arachis hypogaea L.) lines in comparison to the locally released 
varieties. These high-yielding lines responded better to being grown in intercrop than the currently 
recommended varieties. Paired groundnut rows in the intercrop gave a higher yield advantage 
(because of greater light interception) than alternate single rows. The need for economic analysis of 
these spatial arrangements is highlighted. 
Introduction
Intercropping is def ined as growing two or more
crops simultaneously on the same piece of land (An -
drews and Kassam 1976). It is a common feature of
traditional agriculture in Tanzania.
Groundnut (Arachis hypogaea L.) is generally in-
tercropped wi th cereals l ike sorghum [Sorghum bi-
color ( L . ) M o e n c h ] , maize (Zea mays L . ) , and
bulrush mil let (Pennisetum typhoides) but groundnut
is of secondary impor tance in such a m i x t u r e
(Mwenda et al . 1985). The major goals and advan-
tages of such a cropping system have been wel l docu-
mented by several authors including Francis 1978,
W i l l ey 1979, and Gomez and Gomez 1983. The
choice of types of crops to be grown as intercrops is
dependent on physical factors (soi l , temperature, and
water regime), social factors (personal tastes and tra-
di t ions), and economic factors (market prices and
transport).
The Pulses and Groundnut Project at Sokoine Un i -
versity of Agriculture (SUA) has identified several
high-yielding lines of groundnut but their agronomic
behavior has to be further evaluated. Therefore, an
exper imen t was conducted w i t h the f o l l o w i n g
objectives:
A. To evaluate the performance of promising lines in
intercropping systems.
1. Agronomist, Pulses and Groundnut Project, Department of Crop Science and Production, Sokoine University of Agriculture, P.O. Box 3005,
Chuo Kikuu, Morogoro, Tanzania.
2. Agronomist, Cooperative and Rural Development Bank, Dodoma, Tanzania.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru. A.P. 502 324, India: ICRISAT.
149
W.P. Rwamugira
1
 and R.D. Massawe
2
Materials and Methods
A field experiment was conducted at Sokoine Univer-
sity Farm (525 m above sea level) dur ing the 1989
long rainy season (Mar-Ju l ) . A split-plot design w i th
three repl icat ions was used. Four groundnut ge-
notypes, i.e., M G C 163 (1/24), M G C 191 (2/91), M G C
92 (1/80), and Natal Common (the local control var i -
ety), were the main plot treatments while different
cropping patterns were assigned to the subplots as
shown below:
B. To determine the y ie ld components that could be
affected by such a cropping system.
C. To establish the best spatial arrangement.
Treatment
Groundnut
Maize (staha)
Groundnut/maize
intercrop
Groundnut/maize
intercrop
Cropping pattern
Sole
Sole
Single alternate rows of each
crop (1:1)
Single rows of maize alternating
wi th paired groundnut rows (1:2)
Spacing (cm)
Groundnut
50 x 10
-
50 x 10
50 x 10
Maize
-
60 x 25
50 x 50
100 x 25
Plant population
(plants ha -1)
Groundnut
200 000
-
200 000
200 000
Maize
-
66 000
40 000
40 000
Maize
Figure 1. M e a n groundnut and maize yields in sole and intercropping systems, Sokoine University
F a r m , Tanzania, 1989.
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G r o u n d n u t
Sole maize 1(1:1) 1(1:2) Sole g r o u n d n u t
C r o p p i n g system
0
2
4
6
Generally, yields of component crops were reduced in
the intercropping system. For maize, the mean sole
crop y ie ld was 6.28 t ha - 1 compared wi th 4.225 t ha -1
in the intercropping system (Fig. 1). Y ie ld reduction
could be attributed to the reduced plant population in
the intercropped plots (40 000 plants ha -1). Y ie ld
components of maize such as cobs plant-1 and 100-
seed mass were not affected by the cropping system.
These results suggest that maize was either not
stressed by the presence of a companion crop or that
it was able to recover after the crop was harvested.
In the case of groundnut there were no significant
y ie ld differences (P<0.05) among varieties (1/24,
2/91, 1/80, and Natal Common). However, yields of
Natal Common were reduced by intercropping wi th
maize. The y ie ld reduction amounted to 59% in sin-
gle alternate rows and 4 3 % in paired alternate rows as
compared to the sole crop. Intercropped groundnut
grew taller than sole crop plants. The lower yields
obtained in the single alternate rows may be ex-
plained by increased competit ion for both l ight and
soil resources compared to the paired alternate rows.
The number of pegs plant -1 and pods p l an t - 1 in
intercropped plots was adversely affected by inter-
cropping (Table 1). This could be because of the shad-
ing effect on groundnut dur ing the latter part of the
pegging and podding periods. Pegs formed earlier
might have gained pr ior i ty for pod formation and dis-
tr ibution of photosynthates.
When maize was intercropped, the highest y ie ld
advantage of 4 9 % was achieved wi th l ine 1/24 and the
least (32%) wi th Natal Common (Table 1). These re-
sults suggest that the identified promising lines could
perform better in this cropping system than the local
control variety. Between the two spatial arrangments
used, a y ie ld advantage of 2 9 % was achieved by
paired alternate groundnut rows compared to 5% in
single alternate rows. It can be assumed that in the
paired row arrangement, more l ight was available to
groundnut, thus favoring photosynthesis. These re-
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Table 1. Agronomic characteristics of four groundnut genotypes intercropped wi th maize under two spatial arrange-
ments, Sokoine University F a r m , Tanzania, 1989.
Treatment /genotypes
2/91/Maize
1/24/Maize
1/80/Maize
Natal Common/Maize
SE
Mean
C V ( % )
C r o p p i n g pa t te rn
Single alternate rows (1:1)
Paired groundnut:
single maize row (2:1)
Groundnut (sole crop)
SE
Mean
C V ( % )
Pegs
plant - 1
22.77a1
19.55a
21.55a
25.22a
±2.22
22.27
21.20
20.08b
19.16b
27.58a
±1.32
22.27
28.41
Pods
plant - 1
16.11a
15.33a
15.77a
12.88a
±1.26
15.02
17.81
11.25b
15.25ab
18.58a
±1.40
15.02
22.86
Seeds
p o d 1
2.00a
1.97a
1.93a
1.97a
±0.03
1.96
4.20
1.95a
2.00a
1.96a
±0.03
1.30
3.70
100-seed
mass (g)
33.35a
33.16a
26.29b
24.83b
±0.52
29.40
3.76
28.74a
28.70a
30.78a
±0.93
29.40
7.82
Seed
yie ld
(g m - 2 )
68.37a
68.33a
66.78a
50.41b
±4.57
63.47
15.28
29.21a
54.85b
96.33a
±4.66
63.47
5.81
Seed
y ie ld
(kg ha - 1)
683.70a
683.30a
667.80a
504.10a
±45.71
634.70
15.27
392.10c
548.50b
963.30a
±46.65
634.70
18.00
Shel l ing
( % )
59.34ab
60.25a
54.52c
56.13ab
±1.05
57.56
3.88
57.33a
57.76a
57.37a
±0.66
57.56
2.83
Land
equivalent
ratio
1.48
1.49
1.47
1.32
1.046
1.289
1. Means w i t h i n co lumns f o l l o w e d by the same letter do not d i f f e r s ign i f i cant ly a t 5% level a t p robab i l i t y ( P < 0 . 0 5 ) , as de te rmined by Duncan ' s
M u l t i p l e Range Test.
suits are similar to those reported by Natarajan ( in
press) that cereal yields could be maintained over a 
wide range of spatial arrangments notwithstanding an
appreciable increase in legume yield.
In al l the intercropping combinations, the land-
equivalent ratios (LER) were greater than one indicat-
ing that it was more advantageous to grow the two
crops as intercrops than growing them as sole crops.
However, before any recommendation is made, we
intend to conduct an economic analysis to find out the
most economical cropping pattern.
Conclusions
In intercropping systems, the groundnut genotypes
identified by the project could per form better than the
control variety. Paired rows of groundnut alternating
wi th a single row of maize led to a higher intercrop-
ping advantage or L E R than single rows of ground-
nut. However, these results should be ver i f ied on
fa rmers ' f ie lds and economic analysis should be
done.
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Discussion
Sibale: Wou ld you please consider studying other
spatial arrangements which may not result in the re-
duction of the major crop because maize/groundnut
intercrop yields are lower than in pure stands?
R w a m u g i r a : Th is w i l l be cons idered in fu ture
experiments.
Busolo-Bulafu: In your conclusion, you suggest that
the identified groundnut lines could perform better in
the intercropping system than the controls. Have you
compared the control variety wi th the identified lines
to see whether the control does better in pure stand so
that we can attribute the better performance of the
new lines to intercropping?
Rwamugira: Other colleagues have talked on differ-
ent agronomic aspects and I was talk ing about inter-
c ropp ing , so that basical ly we come up w i t h an
agronomic package. But it is true that Natal Common
gave the lowes t y i e l d t h o u g h not s t a t i s t i ca l l y
significant.
Omanga: Can you elaborate on the spacing used for
the maize and groundnut rows?
R w a m u g i r a : Row spac ing between ma ize and
groundnut is 25 cm and between two groundnut rows
is 50 cm.
Freire: Which is the main crop? From your treat-
ments it appears to be groundnut and not maize.
Rwamugira: For farmers, maize is reported to be
the main crop. In our experiment, we took groundnut
as the main crop.
Freire: Is there any market-oriented behavior on part
of the farmers? If so, an economic evaluation is im-
152
portant, specially if the prices benefit one particular
crop.
Rwamugira: Yes, there is such a behavior (ground-
nut fetching higher price than maize) and that is why
we need to do an economic analysis to find out which
crop should be produced in larger quantities.
Freire: Groundnut yields in intercropping amount to
4 1 % (1:1) and 57% (1:2) of sole crop yield. Don' t you
think it wou ld be better to reduce the groundnut
population?
Rwamugira: That is an important suggestion and the
point has been noted; but y ield could sti l l be improved
by changing the spatial arrangement.
Mayeux: What were the fert i l izer doses?
Rwamugira: 20 kg N ha -1; 50 kg P2O5 ha
- 1 as triple
superphosphate.
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Evaluation of the Effect of Minjingu Rock Phosphate
(MRP) on Groundnut Yield and Quality
Abstract
A field experiment was conducted at the Sokoine University of Agriculture, Tanzania, to evaluate the 
effect of Minjingu Rock Phosphate (MRP) on yield and quality of groundnut (Arachis hypogaea L.) 
during the 1989 cropping season. The results indicate that the application of MRP at 75 kg P2O5
ha
-1
 had similar effects on yields and oil contents of three groundnut genotypes studied at the 
application of 50 kg P2O5 ha
-1
 in the form of triple superphosphate (TSP). The results indicate that 
the effect of 75 kg P2O5 , applied as TSP, on yields and oil contents of the three groundnut genotypes 
studied did not differ appreciably. 
Introduction
In Tanzania, groundnut (Arachis hypogaea L.) is
grown mainly by small-scale farmers (Mwenda et al.
1985; Doto and Mwenda 1987). Constraints to in-
creased product ion include: shortage of improved
seed, handhoe cult ivat ion, and poor agronomic prac-
tices (Doto and Mwenda 1987). The crop is generally
grown in Tanzania without fert i l izer (Mwenda et al.
1985), although groundnut is known to require rela-
tively large amounts of essential minerals (Chapman
and Carter 1976). Phosphorus deficiency symptoms
have been observed in many groundnut -growing
areas. At present triple superphosphate (TSP) is the
main source of phosphorus to crops in Tanzania.
However, the ferti l izer is expensive because its manu-
facture requires imported ingredients. It tends to be
out of the reach of most small-scale farmers who
2.
Lecturer (Agronomy), Department of Crop Science and Production, Sokoine University of Agriculture, P.O. Box 3005, Chuo Kikuu,
Morogoro, Tanzania.
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1.
constitute most of the farming population (Mken i et
al . 1986). A lso, when soluble P is applied to the soil it
is often " f i x e d " or rendered unavailable under f ield
conditions (Tisdale and Werner 1975).
Rock phosphates have in recent years received
renewed attention as a source of P for plants espe-
c ia l l y in developing countr ies. In Tanzania, rock
phosphates are known to exist at M in j ingu near Lake
Manyara (Mken i et al . 1986). Other deposits have
been identified at Songwe, Chamoto, Shengeri, and
Panda hi l ls , all located in the Mbeya region. Despite
the existence of these deposits, rock phosphates are
not currently used for direct application in Tanzania
except by few farmers in West Ki l imanjaro and Kar-
atu (J .M.R. Semoka, Department of Soi l Science,
Sokoine Univers i ty of Agr icu l tu re , 1990, personal
communication). At present the Tanzanian govern-
ment is encouraging the use of rock phosphates to
reduce costs and increase P fert i l izer availabil i ty to
small farmers (Mken i et al . 1986).
The objective of this study was to evaluate the
ef fec t o f M i n j i n g u Rock Phosphate ( M R P ) o n
groundnut seed y ie ld , o i l content, and oi l production
under Morogoro conditions.
The experiment was conducted at Sokoine University
of Agr icu l ture in Morogoro , Tanzania, dur ing the
1989 cropping season (Feb-Jul). The altitude of the
area is about 525 m, the latitude is 6o5'S, and the
longitudes extends f rom 37o to 39o E. The soil type
was Oxisol w i th a sandy clay-loam texture. The soil
characteristics are shown in Table 1.
A completely randomized-block design wi th four
replications was used. There were three groundnut
lines and four P treatments. The groundnut lines en-
tered were Bebiano Encarnado ( M G C 242), Span-
homa ( M G C 180/213), and 1/69 ( M G C 105), and
phosphorus treatments were no phosphorus, 50 kg
P2O5 ha
- 1 as TSP, 50 kg P2O5 ha
-1 as MRP, and 75 kg
P2O5 ha
- 1 as MRP. The M R P had 30 .1% P2O5 ac-
cording to Mken i et al . (1986). Both TSP and M R P
were applied just before sowing, in rows, 5 cm away
from the seed. The ferti l izer was covered wi th soil to
prevent it f rom being b lown away by w ind because of
the fineness of MRP. Seed was sown 10-cm apart in
50-cm rows in plots of 4 m x 3 m. No Rhizobiwn 
inoculant was applied to the seed. The experiment
was sown on 30 Mar 1989. The crop was grown under
rainfed conditions. A l l plots received 20 kg N ha-1 as
ammonium sulfate.
The experiment was kept weedfree throughout the
growing season. No major insect and disease control
measures were applied. However, bird scaring was
necessary, especially at emergence and from pod for-
mation to maturity.
The o i l content was determined according to the
Pomeranz and Meloan (1971, p. 316) Soxhlet extrac-
tion method and oi l production (kg ha-1) was calcu-
lated. Means were compared using Duncan's Mu l t i -
ple Range Test (Gomez and Gomez 1984).
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Table 1. Some soil characteristics at the experimental site at sowing, Sokoine University of Agriculture, Morogoro,
Tanzania , 1989
1
.
Characteristic
Soi l pH
Soi l texture
Sand (%)
Si l t (%)
Clay (%)
Organic carbon (%)
Total nitrogen (%)
Avai lable phosphorus (ppm)
Exchangeable ca lc ium [meq (100 g) - 1 ]
Exchangeable potassium [meq (100 g ) - 1 ]
Method o f determinat ion
pH meter
Hydrometer
Walkey-Black
Mic ro -K je ldah l
Bray and Kur tz No . 1 
A m m o n i u m acetate saturation
A m m o n i u m acetate saturation
Result
5.8
49
16
35
1.73
0.17
6.2
1.3
0.54
Remarks2
Moderately acidic
Sandy clay loam
Med ium
Med ium
L o w
L o w
Med ium
1. So i ls sampled at 0 -15 cm dep th .
2 . A c c o r d i n g t o M A R I 1989.
Materials and Methods
Soil analyses indicated medium organic C and total N 
contents (Table 1). Avai lable P was low and ex-
changeable K was medium whi le exchangeable Ca
was also low according to classification of M A R I
(1989). The soil was moderately acidic wi th sandy
clay-loam texture. The highest temperatures were ex-
perienced in March, whi le the highest rainfall was in
Ap r i l .
Common diseases were early leaf spot (Cer-
cospora arachidicola Hor i ) and late leaf spot [Pha-
eoisariopsis personata (Berk. & Curt.) v. Arx . ] . A 
few plants in all groundnut lines were infected by
groundnut rosette virus whi le web blotch (Phoma ar-
achidicola), which appeared only late during the sea-
son, was restr icted to Spanhoma only . Termites
(Microtermes spp) were serious pests. Common
weeds were nutgrass (Cyperus spp), black jack (Bi-
dens pilosa), and wandering jew (Commelina be-
ngalensis). Frequent handhoeing and hand pul l ing of
weeds proved effective.
Statistical analysis revealed no significant interac-
tion between lines and amounts and sources of P.
There were highly significant plant height differences
among the three groundnut lines: Bebiano Encarnado
was the tallest, fol lowed by 1/69 and Spanhoma. Plant
densities at harvest ranged f rom 53.5 to 65.5 plants
m-2. The expected plant density (20 plants m-2) de-
creased by 25 -30% mainly owing to termite damage.
Spanhoma ( M G C 180/213) wi th applied phosphorus
had the lowest average number of nodules plant -1
(92.9) while 1/69 ( M G C 105) at 75 kg P2O5 ha
-1 as
MRP had the highest (132.5). The number of nodules
appeared to increase by the application of phosphorus
as MRP or TSP. However, it is known that many
rhizobia belonging to the cowpea miscellany sym-
biose with groundnut but the nitrogen (N2 ) fixation is
then often inadequte.
There was no consistency in groundnut line effect
on either the number of pegs plant-1 or pods plant -1.
However, both variables were increased significantly
by the application of P either as M R P or as TSP
(Table 2). Line effects were highly significant on 100-
sced mass (g). Line 1/69 ( M G C 105) had the largest
seeds with an average 100-seed mass of 31.3 g.
Application of phosphorus had a significant effect
on yield as shown in Table 3. Seed yield was in-
Table 2. Effect of phosphorus sources and levels on yield components of groundnut, Sokolne University of Agriculture,
Morogoro, Tanzania, 1989.
Genotype
Bebiano Encarnado
( M G C 242)
Spanhoma
( M G C 180/213)
1/69
( M G C 105)
SE
Mean
C V (%)
Phosphorus
level and source
(kg P2O5 ha
-1)
0
50 TSP
50 M R P
75 M R P
0
50 TSP
50 M R P
75 M R P
0
50 TSP
50 M R P
75 M R P
N o . o f
pegs
plant-1
33.0 d 1
41.5 abc
41.3 abc
41.7 abc
35.6 cd
42.4 ab
38.2 abc
38.6 abc
35.6 cd
40.5 abc
36.4 bcd 
43.9 a 
±1.8
39.1
9.4
No. o f
pods
plant-1
22.8 c 
27.0 ab
25.4 abc
27.1 ab
24.4 bc 
28.5 a 
26.3 abc
27.1 ab
25.3 abc
28.1 a 
25.0 abc
27.1 ab
±1.1
26.2
8.3
No. o f
seeds
pod - 1
1.7 a 
1.6 a 
1.7 a 
1.8 a 
1.7 a 
1.7 a 
1.8 a 
1.8 a 
1.9 a 
1.8 a 
1.7 a 
1.8 a 
±0.1
1.7
9.2
100-seed
mass (g)
23.8 b 
25.7 b 
25.7 b 
23.4 b 
26.6 b 
25.8 b 
25.2 b 
26.9 b 
31.4 a 
32.4 a 
30.4 a 
31.1 a 
±1.1
27.4
8.3
1. Means in the same c o l u m n fo l l owed by the same letter do not d i f fe r s ign i f icant ly at 5 % . accord ing to Duncan 's Mu l t i p l e Range Test.
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creased by the application of P either as M R P or as
TSP. In the case of l ine 1/69 ( M G C 105), application
of 50 kg P 2O 5 ha
- 1 (TSP) led to highest seed y ie ld
fo l lowed by 75 kg P 2 O 5 ha
-1 as MRP. Genotype
Spanhoma ( M G C 180/123) gave a h igh y ie ld of
1.0678 t ha-1 when P was applied at 50 kg P2O5 ha
-1
as TSP. These results show that the application of
phosphorus at the rate of 50 kg P2O5 ha
-1 (TSP) d id
not always result in s ign i f i cant ly increased seed
yields, o i l contents, and o i l production compared to
the M R P rates applied in the experiment. These re-
sults are in accordance w i t h those repor ted by
Rweyemamu ( in press) work ing w i th common beans
(Phaseolus vulgaris L . ) and of I . A b d u l w a k i l
(Sokoine Universi ty of Agr icul ture, Tanzania, 1989,
personal communication), who worked wi th cowpeas
(Vigna unguiculata L.) at Morogoro, Tanzania.
Conclusions
effective. The application of 50 kg P2O5 ha
-1 as TSP
gave similar results as the application of 75 kg P2O5
ha-1 as MRP. These results indicate that a replace-
ment of TSP by M R P is justi f ied in areas w i th acidic
soils, low available P, and low exchangeable calcium
as at Morogoro. There is a need to test the efficiency
of M R P in var ious locations of Tanzania where
groundnut is grown. Ac id soils are found in several
areas of the country (Ur io and Kasseba 1973).
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Phosphorus application increased seed y ie ld , o i l con-
tent, and o i l production. Both TSP and M R P were
Table 3. Effect of phosphorus levels/sources on groundnut seed yield, shelling percentage, oil content, and oil produc-
tion, Sokoine University of Agriculture, Morogoro, Tanzania , 1989.
Genotype
Bebiano Encarnado
( M G C 242)
Spanhoma
( M G C 180/213)
1/69
( M G C 105)
SE
Mean
C V ( % )
Phosphorus
level/source
(kg P 2 O 5 ha
- 1)
0
50 (TSP)
50 ( M R P )
75 ( M R P )
0
50 (TSP)
50 ( M R P )
75 ( M R P )
0
50 (TSP)
50 ( M R P )
75 ( M R P )
Seed
y ie ld
(t ha - 1)
0.638 c1
0.743 bc
0.758 bc
0.786 bc
0.749 bc
1.068 a 
0.873 b 
0.912 ab
0.960 ab
1.139 a 
0.948 ab
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Discussion
Shongwe: In v iew of the differences in the chemical
composition of the phosphorus sources, can the d i f -
ferences in the treatments be attributed solely to P?
Rweyemamu: I recognize that there were other ele-
ments added to the soi l where M R P was added, but I 
believe that the differences in the parameters mea-
sured are indeed due solely to P levels.
Syamasonta: Can the Min j ingu Rock Phosphate be
made available to farmers easily?
Rweyemamu: It can be made available to farmers
very easily, but the type of phosphate depends on
where the farmer is located, i.e., south, north, etc.
Subrahmanyam: What are the economic returns of
rock phosphate application?
Rweyemamu: Economic analysis was not carr ied
out.
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Response of Four Groundnut Genotypes to Three Seedbed
Types at Morogoro, Tanzania
Abstract
During the 1988 cropping season four groundnut (Arachis hypogaea L.) genotypes—Ex-Njombe 
(MGC 74), 1/69 (MGC 105), Bebiano Encarnado (MGC 242), and Spanhoma (MGC 180)—were 
cultivated on three seedbed types: flat, ridges, and furrows. In an identical experiment during the 
1989 cropping season, line 1/69 (MGC 105) was replaced by genotype New Mexico Valencia A 
(MGC 25). 
During the 1988 cropping season, with periods of moisture stress, furrows appeared to be 
advantageous as compared to ridges. Flat seedbed resulted in intermediate seed yields, not signifi-
cantly different from those obtained with either of the other seedbed types. Oil production was 
highest with furrow cultivation. Spanhoma was the variety with the highest seed yield, followed by 
Bebiano Encarnado. 
In the 1989 cropping season, with higher rainfall than 1988, flat seedbed resulted in significantly 
higher seed yields than ridges and ridges in higher yields than furrows. Spanhoma proved again to 
be the most productive variety, followed by Bebiano Encarnado and Ex-Njombe. 
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Introduction
Several local groundnut (Arachis hypogaea L.) cu l t i -
vars are grown in Tanzania. These may have become
contaminated since they were first identif ied as cul t i -
vars. The crop is grown under rainfed conditions and
sown on the flat seedbeds or on ridges (Mwenda et al.
1985). Sometimes groundnut is also grown in furrows
especially when it is intercropped wi th maize, sor-
ghum, mil lets, etc. Seedbed types may influence soil
moisture conservation, root and peg penetration and
hence, also pod formation. This study was initiated to
evaluate the performance, under Morogoro condi-
tions, of groundnut lines when grown on different
seedbed types.
The experiment was conducted dur ing the 1988 and
1989 (Feb-Jul) cropping seasons on dryland at the
Sokoine University of Agr icul ture (SUA) . SUA is
located at Morogoro (6oS, 37 o E, alt itude 525 m)
leeward in the foothil ls of Uluguru mountains. The
SUA farm is in a typical rainshadow area. The aver-
age rainfal l is about 800 mm and the soil an Oxiso l ,
which is a kaol ini t ic sandy clay loam wi th a pH of
6.0. The predominant cation is K ; Ca and P contents
are low. At the t ime of measurement, the available
moisture was 15% whi le the bulk density of the top 15
cm was 1.2 g cm - 3 . The design used was a split-plot
wi th four replications. Seedbed types occupied main
plots and groundnut lines occupied subplots. Subplots
were 3.6 m x 2.0 m from which an area of 3.6 m2 was
harvested. Seedbed types were flat, r idge, and furrow.
In 1988, the groundnut genotypes were Ex-Njombe
( M G C 74), 1/69 ( M G C 105), Bebiano Encarnado
( M G C 242), and Spanhoma ( M G C 180). The same
groundnut genotypes were also used dur ing the 1989
cropping season, except that 1/69 ( M G C 105) was
replaced by New Mexico Valencia A ( M G C 25). A l l
were bunch types. The experiments were sown on 22
Mar 1988 and on 29 Mar 1989. Seeds were sown by
hand 10-cm apart. On flat seedbeds, seed was sown
10-cm apart in 60-cm rows. Tr ip le superphosphate
(TSP) (21 kg P ha-1) was applied at sowing and am-
monium sulfate (20 kg N ha-1) was applied 2 weeks
after sowing. Weeding between rows was done using
handhoes, and weeds near the plants were pul led out.
Apart from bird scaring at sowing, emergence, and
dur ing the pod- f i l l i ng periods, no crop protection
measures were undertaken in either season. After har-
vest, yield and yield components were measured on
all plots. O i l contents were determined by Soxhlet
extraction method as described by Pomeranz and
Meloan (1971, p. 316). The data collected was statis-
t ical ly analyzed and means were compared using
Duncan's Mul t ip le Range Test as described by Steel
and Torrie (1980).
Table 1. Selected climatic data for Morogoro, Tanzania , 1988 and 1989
1
.
M o n t h / Date
March 1-14
March 15-31
A p r i l 1-14
A p r i l 15-30
M a y 1-14
M a y 15-31
June 1-14
June 15-30
Total rainfal l
Mean air temperature ( °C)
M a x i m u m
1988
32.5
31.8
31.7
29.4
28.7
28.7
18.4
28.4
1989
32.02
30.9
39.0
29.2
28.3
28.3
26.8
27.8
M i n i m u m
1988
22.0
21.2
21.3
20.7
19.9
18.7
14.3
14.0
1989
21.0
21.1
20.6
20.6
20.2
18.8
16.6
16.3
Mean RH (%)
1988
63.3
56.2
62.7
68.6
70.5
67.7
52.5
50.0
1989
54.0
64.0
72.7
65.8
71.1
65.0
65.0
56.0
Mean
radiation
(MJ m-2)
1988
18.9
18.9
17.2
14.3
14.0
14.6
15.2
14.8
1989
17.8
17.2
14.3
13.7
12.2
12.8
12.5
15.4
Total
rainfal l
(mm)
1988
21.8
43.9
76.3
28.4
104.3
28.4
0.0
3.3
307.1
1989
77.7
68.7
168.9
81.5
33.2
79.5
8.5
2.4
378.7
1. Data p rov ided by Soko ine Un i ve rs i t y o f A g r i c u l t u r e Meteorog ica l Stat ion.
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Rainfall was about 20% higher and was better distr ib-
uted in the 1989 cropping season than in 1988. A dry
spell occurred during podding and seed-fi l l ing stages
in 1988 (Table 1).
Yield and yield components
Seedbed types influenced the y ie ld components in
both years (Table 2). However, seed y ie ld plant -1
showed differences during the 1988 cropping season
only. In 1989, the seedbed type had an effect on all
components tested except on the number of seeds
pod -1 . In 1988, the seed yield plant-1 was the highest
in furrows; in 1989 the highest was on flat seedbeds.
Groundnut genotypes differed significantly (P<0.05)
in all the yield components studied. Groundnut ge-
notype Spanhoma had the highest number of pegs and
pods p lan t 1 in both seasons.The low number of pods
recorded for ridges during the adverse 1988 season
could have been because of drought stress and fai lure
of most pegs to reach the ground, penetrate it, and
form pods as observed by Laurence (1974). Ridges
led also to the lowest seed yield (g plant -1) in both
seasons. These results are in agreement wi th those
reported by Tul ly et al. (1986) who observed that
ridges favor soil dessication and lead to rapid tem-
perature increase. I I T A (1974) observed s im i l a r
effects.
The highest seed yield ha -1 was in furrows (1151.5
kg ha-1) dur ing the adverse 1988 season and could
have been because of rain-water accumulation in the
furrows resulting in conserved moisture dur ing the
dry periods as reported by Weiss (1983). However,
Table 2. M a i n effects of groundnut lines and seedbed type on yield components at Sokoine University of Agriculture,
Morogoro, Tanzania, 1988 and 1989.
Seedbed
type/line
B a t
Ridge
Furrow
Mean
CV (%)(a)
Ex-Njombe
1/69
Bebiano Encarnado
Spanhoma
Mean
CV (%)(b)
Flat
Ridge
Furrow
Mean
CV (%)(b)
Ex-Njombe
New Mex ico Valencia A 
Bebiano Encarnado
Spanhoma
Mean
C V (%)(b)
Number
of pegs
p lan t 1
46.5 a1
40.6 a 
44.7 a 
43.9
23.4
40.6 b 
39.4 b 
45.6 ab
50.1 a 
43.9
19.3
45.0 a 
39.8 ab
36.8 b 
40.5
10.4
40.4 ab
39.9 ab
38.7 b 
43.0 a 
40.5
4.5
Number
of pods
plant-1
1988
28.0 a 
24.7 a 
26.4 a 
26.4
25.3
26.3 a 
23.3 b 
26.9 a 
28.8 a 
26.4
20.9
1989
31.4 b 
32.3 b 
38.1 a 
33.9
11.7
34.6 ab
32.7 b 
32.7 b 
35.6 a 
33.9
4.3
100-seed
mass (g)
23.9 a 
23.4 a 
25.2 a 
24.2
14.5
25.4 a 
21.9 b 
22.7 b 
26.6 a 
24.2
11.0
32.4 a 
31.2 ab
30.5 b 
31.3
8.6
30.5 c 
31.2 b 
32.7 a 
31.5 ab
31.4
5.2
Number
of seeds
pod - 1
2.0 a 
2.0 a 
1.9 ab
1.9
4.8
2.0 a 
2.0 a 
2.0 a 
2.0 a 
2.0 a 
0.3
1.9 a 
1.8 a 
2.1 a 
1.9
16.4
2.1 a 
2.0 a 
2.0 a 
2.0 a 
2.0
12.1
Seed y ie ld
plant -1
(g)
7.7 a 
6.8 b 
7.8 a 
7.4
56.3
7.2 b 
5.6 c 
7.3 b 
9.5 a 
7.4
20.4
9.5 a 
8.2 ab
9.2 a 
8.9
14.2
9.6 a 
8.7 b 
8.2 b 
8.8 b 
8.9
6.5
1. Means in the same c o l u m n f o l l o w e d by the same letter do not d i f f e r s ign i f icant ly at 5%, accord ing to Duncan 's Mu l t i p l e Range Test.
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dur ing the more favorable 1989 cropping season the
furrows recorded the lowest seed y ie ld (911.6 kg
ha-1). This might be because of low plant density
caused by heavy rains dur ing the 1st week of A p r i l
(Table 1).
The seedbed types d id not significantly affect the o i l
content, indicating stability of this character under
vary ing agricultural practices. Differences in o i l pro-
duction were mainly because of differences in y ie ld
(Table 3). These results agree w i th those of Mwenda
(1985).
Conclusions
Groundnut genotypes Bebiano Encarnado and Span-
homa, grown on flat beds or in furrows (during the
dry season), may contribute to increased groundnut
production in Morogoro. Since furrow construction
naturally results in a r idge-and-furrow system, this
practice could be an important factor in developing
intercropping systems, already both popular and eco-
nomically important in Tanzania. However, there is a 
need for socio-economic studies on the use of flat
beds or furrows in groundnut production before such
recommendat ions are app l ied to the smal l -scale
farmers' growing conditions in Morogoro district.
Table 3. Groundnut lines and seedbed type effects on yield, shelling percentage, and oil content, Sokoine University of
Agriculture, Tanzania , 1988 and 1989.
Seedbed type/
groundnut genotype
Flat
Ridge
Mean
C V (%) (a)
Ex-N jombe
1/69
Bebiano Encarnado
Spanhoma
Mean
CV (%)(b)
Rat
Ridge
Furrow
Mean
CV (%)(a)
Ex-N jombe
New Mex ico Valencia A 
Bebiano Encarnado
Spanhoma
Mean
C V (%)(b)
Seed y ie ld
(t ha - 1)
1.073 ab1
0.943 b 
1.152 a 
1.056
0.050
0.896 c 
0.710 d 
1.119b
1.499 a 
1.056
0.035
1.171 a1
1.030 b 
0.912 c 
1.038
0.025
1.035 bc 
0.827 c 
1.051 b 
1.237 a 
1.038
0.013
Shel l ing
( % )
1988
64.2 a 
64.4 a 
66.5 a 
65.0
16.6
63.3 b 
62.0 c 
66.2 ab
68.7 a 
65.0
7.3
1989
59.8 ab
61.5 a 
62.5 a 
61.4
20.6
63.2 a 
60.4 bc 
58.9 c 
63.1 a 
61.4
13.4
O i l
content (%)
41.9 a 
39.8 ab
42.3 a 
41.3
40.3
42.7 a 
40.1 a 
42.9 a 
39.6 a 
41.2
12.9
44.4 a 
43.7 a 
41.8 ab
43.6
21.7
4 3 . 1 a
4 2 . 8 a b
4 4 . 6 a
4 3 . 9 a
43.6
17.7
O i l product ion
(kg ha - 1)
449.6 b 
375.4 bc
487.1 a 
437.4
14.7
387.5 b 
288.7 c 
479.9 ab
593.6 a 
437.4
19.7
5 2 0 . 1 a
449.9 ab
388.1 b 
452.3
15.3
4 4 7 . 7 b
3 5 6 . 0 c
4 6 9 . 8 a b
5 3 9 . 0 a
553.2
8.3
1. Means in the same c o l u m n f o l l o w e d by the same letter do not d i f f e r s ign i f i cant ly a t 5 % , accord ing to Duncan ' s M u l t i p l e Range Test.
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Discussion
Chigwe: From papers presented at this workshop
including this one, it appears that there is great varia-
t ion in the coefficients of variation in experiments,
especially for seed y ie ld. What is the opt imum CV
that can be accepted for reliable data?
Mayeux: For pod yield/seed yield a good CV is
between 8% and 12%. If the CV is much higher, the
scientist must think of reducing the plot size to reduce
soil effect.
M p i r i : The CV value depends on the nature of the
experiment. For example, in protection experiments,
there is a lot of difference in CV values, depending on
whether or not the treatment is control led.
Reuben: I suggest that we do research to determine
the appropriate sampling areas to minimize CVs and
estimate proper yields on a per hectare basis.
Rweyemamu: I do agree wi th the suggestion. How-
ever, high CV values in the field trials are not neces-
sarily because of the plot size alone. The high CV
values in the field trials could be because of the var i -
ables being considered and the performance of the
crop during the season.
Doto: What is the experience at SADCC/ ICRISAT
Groundnut Project regarding variation of CV w i th
plot sizes?
Hildebrand: Ours are mostly varietal tr ials. We do
not use very small plots (generally 7 -20 m 2 ) . We do
not f ind much variabil i ty in CV but often, yields vary
wi th plot size.
Chambi: Why d id you apply nitrogen fert i l izer in
your experiment?
Rweyemamu: We applied nitrogen because the soi l
analysis 3 weeks before sowing showed that the soil
nitrogen was low for optimal groundnut production in
the Morogoro region.
Chambi: Have you noted a problem of nodulation
of groundnut genotypes at Morogoro?
Rweyemamu: The experiments conducted at Mo-
rogoro have shown that there is no problem w i th
groundnut nodulation. Sometimes the average number
of nodules plant-1 goes as high as 300. Since we do
not apply any effective Rhizobium sp at sowing, we
think the formed nodules could not be effective for
nitrogen fixation in groundnuts.
Mamba: Why did you get a constant higher peg
numbers plant-1 on flat seedbed as compared to the
other seedbed type?
Rweyemamu: Soil moisture might be the cause.
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Effect of Plant Density on Groundnut Yield in Botswana
Abstract
A Spanish type groundnut (Arachis hypogaea L.) variety was sown under rainfed conditions at plant 
densities of 37000 plants ha
-1
 to 166000 plants ha
-1
 to evaluate plant density effects on reproductive 
and yield components and on water-use efficiency. Varying plant densities affected number of 
flowers produced but not flowering efficiency. Plant development and the number of different 
reproductive organs were disproportionate to plant densities. However, in terms of pod yield, lower 
plant densities could not achieve the potential of higher densities even under good-rainfall condi-
tions. Competition for available moisture induces root growth, and plants grown in higher densities 
are better able to exploit available moisture by increased rooting depth. An optimal plant density 
between 75000 plants ha
-1
 to 100000 plants ha
-1
 was found to guarantee a good yield in terms of 
production and seed quality. 
Introduction
In Botswana, rainfall is the main l imi t ing factor to
obtain satisfactory groundnut (Arachis hypogaea L.)
yields. Genetic improvement of varieties and regula-
tion of water use are the two essential methods to
stabilize production. Plant density is one crop-man-
1. Groundnut Agronomist, Sebele Research Station, Department of Agricultural Research, Post Bag 0033, Gaborone, Botswana.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa, 19-23 Mar 1990, Arusha, Tanzania. Patancheru. A.P. 502 324, India: ICRISAT.
agement technique that plays a role in water use.In a 
3-year experiment that compared plant densities bet-
ween 37 000 and 166 000 plants ha -1, the best pod
yields ha-1 were always obtained wi th the highest
density, i.e., 166 000 plants ha -1. However, the 3 years
under study were marked by significant water deficits,
which meant that the lower densities were unable to
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1
adequately compensate production w i th higher yields
from each plant. Nevertheless, in terms of the produc-
tion and quali ty, the best results were obtained wi th
densities between 60 000 and 75 000 plants ha - 1 ,
spaced, on an average, 20 cm apart.
Four plants were dug up each week f rom the area
outside a 3-m radius access tube to monitor develop-
ment of various growth and reproductive organs.
Flower ing was monitored each day on two tagged
plants plot -1.
The tr ial was conducted at the Sebele Research
station on shallow sandy soil marked by a compact
ferruginous zone, vary ing in thickness, about a meter
below the surface. The trial was sown using a ran-
domized complete block design w i th three replica-
t ions, w i th plots of f ive 10-m long rows. Seed of
cult ivar Sellie (Spanish group) was sown manually 10
cm apart on 1 Dec 1988. The plots were thinned to the
required spacing 20 days after sowing. Seeds were
protected by a fungicide/insecticide mixture (captan
and malathion). Ferti l izer in the form of 100 kg ha -1
of single superphosphate (10.5% P) and 100 kg ha -1 of
limestone ammonium nitrate ( L A N ) (28% N) were
applied. Weeds were control led regularly by manual
hoeing. The water potential of the soil was monitored
using a neutron probe calibrated at 10, 25, 40, 55, 70,
, 85 ,100 , and 115 cm wi th a luminium access tubes (45
mm in diameter) placed in the middle of each plot.
The maximum temperature was relatively constant
from sowing to harvesting, at around 30°C. The min i -
mum temperature was also constant throughout the
season, at between 18°C and 20oC. Dai ly pan evap-
oration was between 4 mm and 8 mm. Total rainfall
was lower than the mean for the past 12 years, but
d is t r ibu t ion was good and compensated for this
deficit.
Flowering began 28 days after sowing in all the treat-
ments. Peak flowering was reached on day 50, fo l -
lowed by a gradual reduction in flowering until day
75, in all the treatments, except A 5 , which maintained
the same rate of flowering for an additional 20 days
(Fig. 1). Population density had a significant effect
(P < 0.01) on the number of flowers plant -1. This
ranged from 311 flowers plant-1 in a density of 39 500
plants ha-1 to 108 flowers in a density of 140 200
plants ha -1. Mean flowering activity plant-1 was 2.7
flowers day -1 for A1 and 7.8 flowers day -1 for A5 .
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Table 1. Harvest quality of groundnut cv Sellie, Sebele Research Station, Botswana, 1988/89.
Plant
density
A1
A 2
A 3
A 4
A 5
Mean
C V (%)
Shel l ing
(%)
74.0
71.9
72.7
70.4
69.0
71.6
2
100-pod
mass (g)
74.5
78.1
69.4
71.7
71.3
73.0
7
100-seed
mass (g)
30.8
31.1
29.0
30.1
29.2
30.0
6
Shel l ing o f
good seeds (%)
70.7
64.8
65.8
60.8
59.5
64.3
6
Effect on vegetative growth and
flowering
Results and Discussion
Climatic conditions
A1 : 
A 2 : 
A 3 : 
A 4 : 
A5 : 
60 cm x 10 cm = 166 600 plants ha-1 (control)
50 cm x 20 cm = 100 000 plants ha -1
60 cm x 20 cm = 83 000 plants ha-1
75 cm x 20 cm = 66 000 plants ha - 1
90 cm x 30 cm = 37 000 plants ha-1 (control)
Materials and Methods
In the 1988/89 cropping season, an experiment was
conducted to investigate more closely three plant den-
sities and two control densities as fol lows:
Prolonged flowering (A5) because of density (more
vigorous plants and good rainfall at this time of year)
led to extended f ru i t ing, and thus to greater uneven-
ness in maturity of pods at harvest. Hence, harvest
quality (shell ing percentage and seed yield) was better
for the shorter flowering periods (Table 1).The num-
ber of leaves produced was also inversely propor-
tional to the density. However, treatment A3 resulted
in more rapid and greater soil cover. The leaf area
index ( L A I ) decreased, because of senescence and
plant defoliation, from day 90 onwards in all the treat-
ments (Fig. 1).
Figure 1. Effects of groundnut plant density on flowering, number of leaves, and leaf area index (estimated
using a Del ta -T Leaf Area Meter ) , Sebele Research Station, Botswana, 1988/89.
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Plant density (x 1000 plants ha - 1)
39.5 64.1 82.8 113.3 140.2
400
300
200
100
0
Days after sowing
27 41 55 69 83 97 111
3.0
2.5
2.0
1.5
1.0
0.5
0.0
200
150
100
50
0
27 41 55 69 83 97 111
Days after sowing
Days after sowing
30 35 40 45 50 55 60 65 70 75 30 35 40 45 50 55 60 65 70 75
Days after sow ing
400
300
200
100
0
60
50
40
30
20
10
0
90 x 30 c m
75 x 20 cm
60 x 20 cm
50 x 20 c m
60 x 10 c m
Effect on development of pegs, pods,
and seeds
affect the t ime taken by the various organs to appear.
Flowering efficiency (number of f lowers produced
per pod harvested) was more or less the same at all
the densities (wi th a ratio about 2.8). The number of
pods produced was proportional to the number of
Figure 2 shows the changes in number of these organs
according to density. Vary ing plant densities d id not
Figure 2. Effects of groundnut plant density on changes with time in the number of pegs, pods, and seeds,
Sebele Research Station, Botswana, 1988/89.
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Days after sowing
27 41 55 69 83 97 111
200
150
100
50
0
90 cm x 30 cm (37 000 p lants ha - 1 )
Days after sow ing
27 41 55 69 83 97 111 27 41 55 69 83 97 111
Days after sowing
200
150
100
50
0
75 cm x 20 cm (66 000 plants ha - 1)
Days after sow ing
50 cm x 20 cm (100 000 plants ha - 1 )
200
150
100
50
0
27 41 55 69 83 97 111
Days after sowing
27 41 55 69 83 97 111
60 cm x 10 cm (166 600 plants ha - 1 )
Pegs
Pods
Seeds
200
150
100
50
0
60 cm x 20 cm (83 000 plants ha - 1 )200
150
100
50
0
The haulm and pod yield response (Table 2) to plant
density confirmed the results from previous seasons 
that the highest pod yield per hectare is obtained with
the highest density, A1. Good rainfall enabled high
compensation plant -1, ranging from 22.2 g in Al to
63.8 g in A5 . The physiological characteristics of
Spanish varieties do, however, l imi t this compensa-
tion. W i th excellent rainfal l , as was the case in the
Effect on water consumption
Good rainfall enabled normal development in al l the
treatments, and the high compensation (plant matter
and production) in the lower densities can be traced
back to water consumption, which was similar for all
five treatments. Figure 4, however, shows a variation
in water use from different soil depths. This leads to
the fol lowing conclusions:
• At 55 cm, the profiles are almost identical for al l
the five densities. This shows that the lower densi-
ties make extensive use of this zone through more
extensive root development. The root volume is
similar for all treatments f rom day 40.
• At 85 cm, the profiles are different. Competit ion for
available water stimulates root development, and
plants in the higher densities develop a deeper root
system.
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flowers (42 pods for 108 flowers in treatment A1, and
134 pods for 311 flowers in treatment A5) .
Effect on yield
By day 50, accumulated dry matter was distributed
almost equally between the leaves and the stems, with
the exception of A2 (Table 2). Thereafter, dry matter
accumulated in the pods, which accounted for 60% of
plant total dry mass by day 110 in all the treatments.
Figure 3 shows the effect of the different plant densi-
ties on various parts of the plant during the growth
cycle.
Effect on changes with time in stem,
leaf, and pod mass
1988/89 season, compensation enables the lowest den-
sities to produce yields equivalent to those of the
highest density. W i th good rainfal l , the longer flower-
ing period because of lower densities led to more
uneven maturity and hence to significantly lower shel-
l ing percentages (Table 3).
Table 2. Effects of groundnut plant density on the changes with time in stem, leaf, and pod mass, Sebele Research
Station, Botswana, 1988/89.
Days
after
sowing
55
83
110
Plant
density
A1
A 2
A 3
A 4
A 5
A1
A 2
A 3
A 4
A5
A1
A 2
A 3
A 4
A 5
Total
dry
mass (g)
17.2
15.2
32.1
29.8
46.7
30.7
38.0
62.4
72.3
108.4
49.2
53.5
70.3
78.0
151.3
Distr ibut ion of dry mass (%)
Stems
38.5
29.8
35.0
41.2
40.5
23.8
23.7
25.6
26.1
25.1
15.6
15.7
14.8
16.9
19.9
Leaves
42.2
47.6
45.9
39.4
43.9
31.7
33.5
33.3
30.4
32.3
21.4
19.6
20.3
18.6
19.3
Pods
8.6
12.3
9.7
10.1
7.5
33.2
34.2
36.7
36.3
36.3
60.0
62.1
61.9
60.7
57.2
Variations over t ime in stored water dur ing the
growth cycle for the various densities conf irmed that
the levels of water consumed are almost identical. If
water efficiency is defined in terms of y ie ld obtained
in kg ha - 1 per unit of water consumed in mm (evap-
otranspiration) in the profi le considered (0-115 cm,
no inf i l trat ion to the lower layer), it is possible to
arrive at consumption rates indicated in Table 4.
Conclusions
Plant density does not affect groundnut flowering eff i -
ciency. However, flowering increases as density de-
creases. This increase is nevertheless l imi ted by the
physiological characteristics of cv Sellie and compen-
sation is not sufficient for the lowest density (39 500
plants ha-1) to match the highest density (140 200
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Figure 3. Effects of groundnut plant density on the changes with time in the stem, leaf, peg, pod, and
seed mass, Sebele Research Stat ion, Botswana, 1988/89 .
50 cm x 20 cm (100 000 p lants ha - 1 )60 cm x 10 cm (166 000 p lants ha
- 1 )
Days af ter sow ing
27 41 55 69 83 97 111
90 cm x 30 cm (37 000 p lants ha - 1 )250
200
150
100
50
0
75 cm x 20 cm (66 000 p lants ha - 1 )
Days after sow ing
27 41 55 69 83 97 111
250
200
150
100
50
0
27 41 55 69 83 97 111
Days af ter sow ing
60 cm x 20 cm (83 000 p lants ha - 1 ) 250
200
150
100
50
0
27 41 55 69 83 97 111
Days after sow ingDays after sow ing
27 41 55 69 83 97 111
250
200
150
100
50
0
Seeds
Pods
Pegs
Leaves
S tem
Table 3. Yields of groundnut cv Sellie at Sebele Research Station, Botswana, 1988/89.
Plant
density
A1
A 2
A 3
A 4
A 5
Mean
C V (%)
Final
stand
137 300
111 800
87 400
63 400
38 200
87 600
13
Forage
yie ld
(t ha -1)
3.95
3.40
3.96
3.81
4.10
3.84
12
Pod yield
(t ha - 1)
2.99
2.86
2.83
2.83
2.45
2.79
13
(g plant - 1)
22.2
25.7
32.4
44.8
63.8
37.8
19
Pod density
(pods m -2)
700
620
508
460
516
560
20
31 M a r 1989
P lan t -g rowth per iod
Figure 4. Effect groundnut plant density on changes with time of soil volumetric water, Sebele Research
Station, Botswana, 1988/89.
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1 Dec 1988
0
0.1
0.2
1 Dec 1988
P lan t -g rowth per iod
31 M a r 1989
Trea tment
Soi l depth = 55.0 cm
A1
A 2
A 3
A 4
A 5
0.2
0.1
0
Soi l depth = 85.0 cm
plants ha-1) in terms of pod y ie ld h a 1 . The prolonged
flowering per iod, associated wi th low densities, leads
to pods of uneven maturity at harvest and hence to
lower shel l ing percentages. In the case of normal
rainfal l , any savings in water by reducing density are
min imal . Groundnut is very flexible as regards adap-
tation to soil moisture conditions, drawing water f rom
a large area around the plant and developing a deeper
root system if competit ion for surface area becomes
severe. Af ter 4 years of study (three subnormal and
one normal rainfall season), it is recommended that
groundnut be sown at densities between 70 000 and
100 000 plants ha -1.
than expected. Were more seeds sown than expected?
Or d id one seed produce more than one plant in some
occasions?
Mayeux: In practice, it is always di f f icul t to reach
the theoretical plant density but I think these popula-
tions have been close enough to manage this tr ial
correctly.
L a x m a n Singh: Do farmers in Botswana plant
groundnut as a sole crop wi th mean plant population
of 25 000 plants ha -1 ? If so, according to your conclu-
sions, they can substantially increase groundnut y ield
by raising the plant density to 70 000 plants ha -1 at 75
cm x 20 cm (which is similar to 100 000 plant ha - 1 at
60 cm x 10 cm). In a spacing of 75 cm x 20 cm,
w o u l d you suggest or recommend an in tercrop,
whereby a farmer can get an op t imum y ie ld of
groundnut and an additional intercrop?
Mayeux: The only crop that can be intercropped
later in the season is cowpea but usually farmers
broadcast cowpea seeds early in the season, mixed
wi th sorghum. We tr ied also to get farmers to sow
groundnut and even wi th large spacing between rows
(for sowing another crop later). The strong root sys-
tem of groundnut w i l l prevent a good crop establish-
ment by compet ing for water (under Botswana
conditions).
Schmidt: Was the season begun w i t h moisture
available to the plants to a depth exceeding 1 m? Had
a fa l low per iod preceeded the t r ia l to accumulate
moisture?
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Discussion
Freire: I agree that w i t h higher plant densities,
higher yields are obtained. But, when dealing wi th
small farmers, other factors might be taken into ac-
count: whether (a) labor belongs to the fami ly and is
not scarce, (b) land is not scarce, and (c) seeds are
scarce (main constraint). In such cases, it might be
better to sow larger areas at a lower population to
obtain higher production at a lower seed rate.
Mayeux: In our experiment, we tr ied to optimize
the use of resources and get an opt imized economical
result.
Rweyemamu: Your data show that the expected
(maximum) plant population in A2 is 100 000, A3 is
83 000, and A5 is 37 000 plants ha -1. Yet your results
reveal that the final plant population ha-1 was higher
Table 4. Total water used and water-use efficiency on a groundnut (cv Sellie) crop with a rainfall of 280 m m , Sebele
Research Station, Botswana, 1988/89.
Plant
density
A1
A 2
A 3
A 4
A 5
Soi l
moisture
var iat ion1
(mm)
-41.9
-45.9
-41.4
-39.6
-34.4
Water
consumpt ion
( m m )
239.0
235.0
239.5
241.3
246.5
Pod
y ie ld
(t ha - 1)
2.99
2.86
2.83
2.83
2.45
Forage
y ie ld
(t ha - 1 )
3.95
3.40
3.96
3.81
4.10
Water-use eff ic iency
on ponds
(kg m m - 1 )
9.3
8.8
8.8
8.8
7.8
on forage
(kg mm - 1 )
12.2
10.4
12.3
11.9
13.0
1. F r o m s o w i n g to harvest by evapot ransp i ra t ion .
Mayeux: Groundnut is generally sown a month af-
ter the beginning of the rainy season to avoid it matu-
r ing dur ing the moist period towards the end of the
season. Dur ing this month, moisture accumulates in
the soi l .
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Some Factors Influencing Plant Density and Yield
of Groundnut
Abstract
Studies on sowing depths, compaction, and seed dressing were conducted to solve the problem of 
low plant density, one of the contributors to groundnut (Arachis hypogaea L.) production in
southern Mozambique. On heavy soils, the depth of sowing had no effect on either plant density or 
yield. However, the compaction level appeared to be very important. Plant density and yield were 
improved when soil was compacted by human feet or with a car tyre. On the other hand, the need for 
soil compaction appeared to decrease with increased sowing depth. On sandy soils, the reverse was 
true. Sowing depth had a very strong effect on plant density and shoot yield plant
1
, while the effect 
of compaction was nil or very weak. However, depth of sowing or compaction had no effect on pod 
yield. The highest plant densities and yields were recorded when groundnut was sown at a depth of 
5-11 cm with compaction. Seed dressing showed very little or no effect on yield and its components, 
including plant density. 
1.
2.
Groundnut Agronomist and Head, Department of Crop Production and Protection, Faculty of Agronomy and Forestry Engineering, Eduardo
Mondlane University, C.P. 257, Maputo, Mozambique.
Groundnut Agronomist and Project Leader, IDRC Groundnut Project at the above address.
lCRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa. 19-23 Mar 1990, Arusha. Tanzania. Patancheru, A.P. 502 324, India: ICRlSAT.
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B. Effect of seed dressing
The design used was a randomized-block w i th four
replications. The seed-dressing treatments were as
fol lows:
1) control.
2) Thiram (2.5 g kg - 1 of seeds).
3) Mancozeb (Dithane M 45®) (2.5 g kg-1 of seeds)
plus thiram (2.5 g k g 1 ) .
4) Mancozeb (Dithane M 45®) (2.5 g kg -1).
The tr ial was sown at Umbeluzi on 6 Jan 1989 and
harvested after 111 days on 26 Ap r 1989. The variety
used was the breeding line Chico x NC Ac 17200. For
both experiments plant density and yield and its com-
ponents were recorded regularly at harvest.
ensure uni form sowing depth, a 10-cm-wide furrow
was opened and, after placing the seed, soil was re-
placed and the surface leveled. The experiment was
repeated at two sites under different conditions:
A. At Umbel uzi on a clay-loam soil under i rr igat ion.
This tr ial was sown on 20 Sep 1988 and harvested
after 129 days on 26 Jan 1989.
B. At Marracuene on a sandy soil w i th a sowing
i r r iga t ion . Subsequently, the ra in fa l l was un i -
formly distributed. This tr ial was sown on 15 Sep
1988 and harvested after 138 days on 31 Jan 1989.
In both cases the variety used was Bebiano Branco.
Introduction
One of the problems occurr ing both in farmers' f ields
and on research stations is low plant density at emer-
gence and even lower at harvest, result ing in low
yields.
Small-scale farmers, using hoes to sow groundnut
(Arachis hypogaea L.), tend to place the seed at vary-
ing depths, from very shallow to very deep, often 20
cm or more, specially on sandy soils. Deep-placed
seed may have insufficient vigor to germinate and
emerge result ing in low plant densities.
Another possible reason for low plant densities is
the mortal i ty of seedlings, mainly because of soi l -
borne diseases. Seed dressing is not commonly prac-
tised in Mozambique.
Large differences in plant density were observed
between farmers' f ields and research trials in Maputo
Province in 1984. The same seed lot was used to sow
farmers' fields and research plots and sowing date d id
not dif fer by more than 2 days. Emergence on re-
search plots was almost complete, whi le only 6 0 - 7 0 %
of seed germinated on farmers' f ields.
Dur ing the same year, a prel iminary evaluation
was made by sowing groundnut at various depths
varying f rom 2 to 18 cm; differences of up to 30%
were observed.
To solve these problems, two experiments were
carried out to study the influence of sowing depths,
different levels of compaction, and seed dressing w i th
fungicides on seedling establishment, plant growth,
and yield. The main objective was to generate recom-
mendations for farmers, wh ich wou ld enable i n -
creases in plant density and, therefore, yields.
Consideration of soil type is of crucial importance
when evaluating the effects of sowing depth and soil
compaction (Tables 1 and 2). Varying sowing depth
from 2 to 15 cm had no significant effect on plant
density or y ield on heavy soils (Table 1). However,
soil compaction markedly increased plant density and
yield. The effect of compaction on plant density d id
however become less apparent w i th time after emer-
gence, indicating a slower rate of establishment and
development where seed was not compacted. One
possible explanation for this result is that, on heavy
soils, soil moisture is better distributed and is main-
tained longer, even at greater depths.In addit ion, soil
compaction improves soil-seed contact a l lowing im-
proved imbibi t ion and seed germination. This is re-
flected in improved plant density when seeds are
placed 5-11 cm deep and are compacted.
In this experiment a split-plot design wi th four repl i -
cations was used. Sowing depths of 2, 5, 8, 11, and 15
cm were imposed as main treatments, and three levels
of compaction were imposed as subtreatments. These
were control , compaction w i th feet ( farmers' prac-
tice), and uni form compaction using a car tyre. To
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A. Effect of sowing depth and
compaction
T w o exper iments were ca r r i ed out in southern
Mozambique (Maputo Province) dur ing the 1988/89
cropping season to study the fo l lowing:
Materials and Methods
Results and Discussion
Improvements in plant density and rate of develop-
ment were reflected in increased yield although com-
paction appeared not to have any significant effect on
number of pods plant-1.
On sandy soils (Table 2) the results were very
different. Soil compaction and interaction between
soil compaction and sowing depth had no significant
effect on plant density, pod, or shoot yield. Large
differences in plant density were recorded among
sowing depths. Sowing at 2-cm depth produced sig-
nificantly lower plant densities throughout. A l l other
treatments produced higher densities. Only the 15-cm
sowing depth gave results similar to that of 2-cm
depth when recorded 12 days after sowing (DAS).
It can be argued that when groundnut is sown at
2-cm depth, there is a greater probabil i ty of seedling
death because of more rapid soil dry ing. The rate of
soil dry ing is proportional to the sowing depth. The
longer period taken by seedlings sown at 15 cm to
attain satisfactory densities is a result of greater
depth, whi le seedling vigor may be responsible for
the sl ightly lower, but not significant, reductions in
density when compared to the 5-11 cm sow ing
depths. The shoot yield plant"1 at 2-cm depth is sig-
nificantly higher than at depths of 5 to 15 cm. This
may be a result of quicker seedling emergence.
Although yield plant-1 and yield ha -1 d id not dif fer
significantly, reduced yields were recorded on shal-
low-sown treatments and are l ikely to have resulted
from reduced plant density. Harvest index, shelling
percentage, 100-seed mass, and number of pods
plant-1 were not affected.
No significant differences were recorded among
seed-dressing treatments (Table 3). However, a ten-
dency towards reduced density and yield without seed
dressing suggests that seed dressing could be a feas-
ible proposition.
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Discussion
Rwamugira: It is interesting to note that compac-
tion had no effect on light soils. I would imagine that
when heavy soils are compacted, plant emergence
Table 1. Effect of sowing depth and compaction on plant density and pod dry mass of groundnut (cv Bebiano Branco)
grown with irr igation on a clay-loam soil at Umbeluzi , Mozambique, 1988/89.
Treatment
Sowing depth (cm)
2
5
8
11
15
SE
Mean
C V (%)
Compaction
Control (n i l )
Foot
Tyre
SE
Mean
C V (%)
Plant density (plants m-2)
13 D A S 1
12.2
14.1
14.2
16.5
13.2
±3.06
14.0
30.8
11.9
14.9
15.3
±0.76
14.0
17.1
42 DAS
16.4
17.0
18.6
19.1
17.4
±1.60
17.7
12.8
16.3
18.5
18.3
±0.62
17.7
11.1
133 DAS
18.4
17.7
19.9
19.7
17.9
±2.14
18.7
16.8
17.7
19.7
18.7
±1.59
18.7
26.8
Pod dry mass
(g plant - 1)
12.8
11.8
11.2
12.2
10.8
±1.41
11.8
17.0
11.9
14.9
15.3
±0.76
14.0
17.1
(t ha - 1)
1.99
1.98
2.22
2.30
1.95
±0.171
2.09
11.6
1.99
2.17
2.11
±0.097
2.08
14.6
1. D A S = Days after sow ing .
Table 2. Effect of sowing depth and compaction on plant density, pod dry yield, and shoot dry mass, of groundnut (cv
Bebiano Branco) grown wi th irr igat ion for germinat ion, on a sandy soil at Marracuene , Mozambique, 1988/89.
Treatment
Sowing depth (cm)
2
5
8
11
15
SE
Mean
C V ( % )
Compact ion
Control (n i l )
Foot
T y r e
SE
Mean
C V ( % )
Plant density (plants m -2)
12 D A S 1
10.8
17.5
17.4
16.1
12.0
±1 .30
14.8
12.5
13.8
15.1
15.4
±1.29
14.8
27.6
15 D A S
11.8
18.4
19.4
19.5
17.7
±1.35
17.4
11.0
16.2
17.9
18.0
±0.76
17.4
13.8
141 D A S
11.5
18.4
19.4
19.5
17.8
±1 .74
17.3
14.2
16.3
17.9
17.7
±0.74
17.3
13.4
Pod d ry mass
(g plant - 1)
5.6
5.8
5.7
6.0
6.1
±0.67
5.8
16.4
5.9
5.7
5.9
±0.55
5.8
29.6
(t ha - 1 )
0.71
0.96
0.99
1.00
0.90
±0.171
0.91
26.5
0.85
0.94
0.95
±0.065
0.91
22.6
Shoot
d ry mass
(g plant - 1)
23.0
14.2
13.6
14.3
15.6
±5.23
16.1
13.7
17.5
16.7
14.1
±2.34
16.1
45.9
1. D A S = Days after s o w i n g .
Table 3. Effect of seed dressing on pod dry mass, number of pod plant*
1
, and plant density of groundnut (variety Chico
x NC Ac 17200) grown wi th irr igation on a clay-loam soil at Umbeluz i , Mozambique, 1988/89.
Treatment
Th i ram (2.5 g kg - 1 )
Th i ram + mancozeb
(2.5+2.5 g kg - 1 )
Mancozeb (2.5 g kg - 1 )
Control (n i l )
SE
Mean
C V ( % )
Pod dry mass
(g plant - 1)
6.2
7.1
8.0
6.0
±1 .80
6.8
37.4
(t ha - 1 )
1.13
1.19
1.12
0.77
±0.23
1.05
31.4
Number
of pods
plant - 1
16.4
19.8
13.5
12.4
±1 .80
15.5
16.4
Plant density (plants m -2)
11 D A S 1
19.1
18.1
19.7
17.4
±1.83
18.6
13.9
27 D A S
19.7
18.6
19.9
17.4
±1.83
18.9
13.7
110 D A S
18.9
16.9
13.8
12.9
±2.49
15.6
22.5
1. D A S = Days after s o w i n g .
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becomes dif f icul t . What do you think are the factor(s)
that contribute to high plant density when the soil is
compact? What method(s) of soil compaction do you
use?
Freire: On sandy soils compaction of soil surface
occurs naturally after the rains. Specially on heavy
soils, uncompacted soils do not provide a close soil-
seed contact, result ing in poor seed germination and
hence low plant density. Methods used include soil
compaction by using a car tyre or persons stepping on
the sown ditches.
M p i r i : How do you ensure uniformity when com-
pacting wi th feet, whi le it is easier to ensure that by
using a car tyre?
Freire: This is done using the same person all the
time. He also wears gum boots to ensure sufficient
compaction.
Shongwe: Do you have an idea of the bulk density
of the soil after compaction?
Freire: No. We did not measure the bulk density of
the soil after compaction.
Subrahmanyam: Deeper sowing may increase the
incidence of seedling diseases as the etiolated plants
are more susceptible to seedling diseases. D id you
study the interaction of sowing depth and seedling
diseases incidence and plant density and severity of
foliar diseases in your experiments?
Freire: No , we did not look into these aspects.
Rao: D id you make any observation on the effect of
seed rate in relation to sowing depths? Why did you
use mancozeb (Dithane M 4 5 ® ) , a fungicide which is
usually applied as a spray, for seed treatment?
Freire: No observations on these factors were
made. Reports elsewhere have shown the possibil ity
of using mancozeb (Dithane M 4 5 ® ) as seed-treat-
ment chem ica l . A l s o , i t is an easi ly ava i lab le
fungicide.
Ndunguru: In the Gambia, the problem of stand
decl ining wi th t ime is very serious. Partly it is related
to seedling diseases and crop growth variabil i ty but
seed viabi l i ty is also suspect. How is seed stored in
Mozambique?
Freire: Most of the seed used by the Mozambique
Groundnut Project is stored in a room at ambient
temperature, unshelled, and in bags. The seed is shel-
led and selected immediately before sowing to ensure
good quality seed. Farmers tend to store seeds in t ins,
bags, and bottles, normally unshelled. Nearer to ur-
ban centers, traditional storage is no longer used.
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Influence of Sowing Dates on Growth and Yield
of Groundnuts in Tanzania
Introduction
The yield of groundnut (Arachis hypogaea L.) de-
pends on the genetic potential of the cultivar. How-
ever, the extent to which this potential can be realized
depends largely on the environment in which the crop
grows. In Tanzania, the bulk of this crop is produced
by small-scale farmers who often sow groundnuts
only after the main cereal crops.
The current average yield of 600 kg dry pods ha -1
for Tanzania is considerably lower than the world
average of 990 kg ha -1 (Nigam 1984). This has been
partly ascribed to the use of cultivars of low-yielding
potential and to adverse weather conditions (Nigam
1984; Preston et al. 1985). Drought stress has been
reported to restrict peg penetration and calcium defi-
ciency during the pod-f i l l ing phase resulting in un-
filled pods (Nageswara Rao et al. 1985; Wi l l iams et
al. 1986).
The crop is entirely rainfed. The major implement
of cultivation is the handhoe. Rainfall intensity and
distr ibut ion are important factors determining the
1.
2.
Senior Lecturer and Agronomist, Department of Crop Science and Production, Sokoine University of Agriculture, P.O. Box 3005, Chuo
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ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
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Abstract
Field experiments were conducted at Sokoine University of Agriculture, Morogoro, Tanzania, to 
assess the influence of the sowing date on the growth and yield of promising groundnut (Arachis
hypogaea L.) genotypes. Four sowing dates at 7-day intervals constituted the vertical factor, and 
seven groundnut genotypes the horizontal factor in a strip-plot design with four replications. In a 
dry season (1988), delayed sowing (21 days after the onset of rains) reduced average seed yields by 
52%. In a wet season (1989) the average yield loss resulting from the same delay in sowing 
amounted to 75%. 
Table 1. Physical and chemical characteristics of the soil at the experimental site, sowing dates, and amounts of rainfal l
received dur ing the seasons, Sokoine University of Agriculture, Morogoro, Tanzania , 1988 and 1989.
a) Physical and chemical characteristics at trial site 
p H = 6.0
Soi l texture = sandy clay loam
Organic carbon = 1.6%
Total N = 0 . 1 1 %
Avai lable P (ppm) = 6.2
b) Sowing dates (rainfall received, nun) 
1988
March 17 (333.2)
March 24 (256.0)
Ma rch 31 (144.6)
A p r i l 7 ( 1 2 6 . 6 )
Exchangeable Ca [meq (100 g ) - 1 ] = 1.25
Exchangeable K [meq (100 g) - 1 ] = 0.45
1989
March 25 (402.9)
A p r i l 1 (370.5)
A p r i l 8 (308.3)
A p r i l 15(205.9)
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g r o w t h var iab les as we l l as seed y ie lds were
recorded.
Results and Discussion
General growth
The Leaf Area Index ( L A I ) was between 3.1 and 3.5
for the first three sowing dates and then declined
drastically to about 0.5 for the crop sown 3 weeks
after the onset of rain (F ig. 1), which received roughly
yield of groundnut. Weather conditions also influence
sowing dates and any delay in sowing f rom the opt i -
mal date may lead to reduced y ie ld. This study was
therefore carr ied out w i th the fo l lowing objectives:
A. to assess the growth, development and y ie ld of
several promising lines of groundnuts, and
B. to evaluate the performance of these lines at d i f -
ferent sowing dates.
Materials and Methods
The experiment was carr ied out at the Sokoine Un i -
versity of Agr icul ture (SUA) farm (6°S, 37 oE, alt i-
tude 525 m) dur ing the 1988 and 1989 cropping
seasons (Mar-Ju l ) . The physical and chemical char-
acteristics of the soi l at the experimental site are
given in Table 1. The design used was a strip plot w i th
four replications. The plot size was 3 m x 3 m. In the
1988 tr ia l the horizontal factor (A ) was made up by
seven groundnut breeding lines (erect bunch) and the
vertical factor (B) by four sowing dates at 7-day inter-
vals (Table lb ) . The four top-yielding lines of this
tr ia l were retained for further testing and three other
varieties added in the 1989 t r ia l . Before sowing, about
2-cm deep furrows spaced at 50 cm were made and
phosphorus was applied at the rate of 50 kg P2O5 ha
-1
as tr iple super phosphate (TSP). The fert i l izer was
covered w i th a thin layer of soil and 1 seed h i l l - 1 was
sown at 10-cm distance, to give a plant density of 20
plants n r 2 (200 000 plants ha -1). Gap fi l l ing was done
6 days after each sowing date. Weeds were control led
by three hand weedings at 3-week intervals. Various
Figure 1. Leaf area index, root, and shoot dry mass
of groundnut grown at Sokoine University of
Agriculture Farm, Tanzania, 1989.
Sowing date
25 M a r 1 A p r 8 A p r 15 A p r
Leaf area index ( L A I )
Shoot d ry mass (g plant - 1)
Root d ry mass (g plant - 1 )
4
3
2
1
0
Table 2. Yield and yield components of 10 groundnut genotypes sown on four dates at Sokoine University of Agriculture,
Morogoro, Tanzania , 1988 and 1989.
Genotype/
sowing date
1/94
1/90
1/80
Baka (Ex-Kye la)
1/24
Ex-Njombe
2/91
SE
Mean
C V ( % )
March 17
March 24
March 31
A p r i l 7 
SE
C V (%)
1/80
Baka (Ex-Kye la)
1/24
Tamnut 74
2/91
Spanhoma
Natal Common
SE
Mean
C V ( % )
March 25
A p r i l 1 
A p r i l 8 
A p r i l 15
SE
C V ( % )
Number o f
nodules
plant-1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
84
84
78
85
80
73
76
±4.6
80
28
94
71
63
63
±14.7
Number o f f i l led
pods plant-1
(as % o f
number of pegs)
1988
15(41.7)
12 (40.9)
15(39.1)
14 (37.6)
12 (36.8)
13(38.8)
17(41.5)
±1.2
14
12.8
20 a1 (40.0)
15 b (42.7)
14 bc (35.4)
7 c (42.2)
±1.6
30.2
1989
15(56.2)
14 (48.3)
13(54.0)
15(52.7)
14(49.1)
14(54.0)
17(56.4)
±1.3
15
23
18(57.7)
15(55.1)
13 (50.8)
12(46.7)
±2.6
29
Shel l ing
(%)
64.0 b 1
64.4 b 
67.1 a 
63.4 b 
65.4 ab
63.8 b 
67.0 a 
±0.7
65.0
4.5
65.7
65.7
64.0
64.5
±1.6
6.3
61.9
63.0
66.7
65.6
66.7
68.1
67.0
±2.3
65.6
11
64.7
66.4
64.9
66.3
±0.9
13
100-seed
mass (g)
26.6
27.6 b 
24.9 c 
30.6 a 
30.1 a 
24.3 c 
28.8 ab
±0.8
27.6
11.0
30.1 a 
26.4 b 
26.9 b 
26.9 b 
±1 .2
11.2
25.3 cd
3 1 . 3 a
29.8 ab
24.2 d 
29.2 b 
26.2 b 
26.4 c 
±2.6
27.6
9
30.4 a1
28.1 b 
26.4 bc 
25.3 c 
±2.2
9
1. In each year values for genotypes or sow ing dates, f o l l o w e d by the same letter do not d i f fe r s ign i f icant ly (P ≤ 0.05) , accord ing to Duncan 's
M u l t i p l e Range Test.
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half of the rainfal l received by the crop sown first. A 
high L A I and shoot mass associated wi th early sow-
ing was probably because of both increased leaf num-
ber and leaf size. These results are in agreement wi th
those of Preston et al. (1985) who similarly associated
drought dur ing the growing season to increased leaf
senescence leading to reduced L A I and low dry-mat-
ter production. Across sowing dates, significant var i -
etal differences were observed among genotypes w i th
line 1/24 recording the highest L A I and Natal Com-
mon the lowest. However, the absence of significant
differences in shoot dry mass and the higher y ie ld
level of Natal Common suggest that large leaf areas
were not necessarily an advantage. Mutual shading of
leaves may be the reason. In 1989, differences in
nodule counts among genotypes were not significant
though Tamnut 74, 1/80, and Baka appeared to be
very profusely nodulated (Table 2).
Yield and yield components
More pegs were formed dur ing the 1988 cropping
season than dur ing 1989, but pod filling was more
efficient dur ing the latter when five genotypes re-
corded more than 50% podf i l l (Table 2).
These differences were attributed to variations in
ra in fa l l d is t r ibut ion. For al l sowing dates in both
years, except the last date in 1988, the crops received
more than 6 0 % of the total rainfal l w i th in the first 5 
weeks (i.e., up to early pod-formation stage). How-
ever, dur ing the next 4 weeks ( including pod-f i l l ing
stage), the 1988 crop at the first sowing date received
only 6% of the total rainfal l and at the second sowing
only 5% of the total rainfal l . In 1989, the f irst sowing
received 2 6 % and the second sowing 2 8% of the total
rainfal l . According to Boote et al . (1982) pod fil l ing is
favored by such factors as soil moisture as wel l as
calcium and phosphorus availabil i ty. Thus, in 1988,
both reduced soil moisture and suboptimal levels of
calc ium and phosphorus in the soi l (Table 1) re-
stricted pod filling. However, pod filling in 1989 was
not appreciably better than in 1988. Shell ing percent-
ages were comparable in both trials (Table 2). In both
years, the seed size was reduced by delay in sowing
(Table 2). Baka recorded the highest 100-seed mass in
both 1988 (30.6 g) and 1989 (31.3 g).
Groundnut sown wi th in the first 7 days after the
onset of rains gave high seed yields in 1988 and 1989.
A delay in sowing by 21 days f rom the onset of rains
reduced seed yields across the four sowing dates by
5 2 % in 1988 and 75% in 1989. Such reductions in
yield have been reported also by Patel and Golayinka
(1988), who found that a reduced total rainfal l led to
1.9
17 M a r c h
24 M a r c h
31 M a r c h
7 A p r i l1.4
0.9
0.4
1/94 1/90 1/80 Baka 1/24 E x - N j o m b e 2 /91
G r o u n d n u t genotype
Figure 2. Seed yield of seven groundnut genotypes at different sowing dates, Sokoine University of
Agriculture F a r m , Tanzania, 1988.
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decreased dry-matter production and consequently
adversely affected pod formation and pod fill. Yields
were generally higher in 1988 (Fig. 2) as compared to
1989 (Fig. 3). It was noted that the crop received
between 97% and 99% of the total rainfall during the
first 9 weeks of growth in 1989 as compared to bet-
ween 74% and 84% in 1988. However, during the last
4 weeks of growth, only 0.8-3.0% of the rainfall was
received in 1989 as compared to 14-18% in 1988.
Such dry conditions probably adversely affected seed
f i l l ing in the 1989 crop. The drier soil at harvest most
l ikely also caused yield losses because of incomplete
retrieval of pods f rom the ground. The better perfor-
mance of genotypes 1/24, 1/80, 2/91, and Baka during
the drier year (1988), especially when sown within
the first 2 weeks after the onset of rains, suggests that
these genotypes are more tolerant to late-season
drought stress. However, their adoption at specific
locations would need to be ascertained. High seed
yields were associated wi th high numbers of f i l led
pods, high pod mass, high shelling percentage, and
large seed size (significant positive correlations).
funding to the Pulses and Groundnut Project at SUA
is greatly appreciated.
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Discussion
Subrahmanyam: In most of the agronomy experi-
ments presented at this workshop, the situation of
diseases and insect pests in various treatments was
not given. It is an important interaction and the data
on diseases and pest should be collected. These w i l l
facilitate a better interpretation of the results.
Musanya: Were the determination of leaf area in -
dex and root and shoot dry mass for 1989 made only
on groundnuts sown on those specific dates?
Sibuga: The determinations of the parameters were
made on ai l plants at 5 0 % flowering across the sow-
ing dates.
Syamasonta: Is there any relationship between the
number of f i l led pods plant - 1 and shell ing percentage?
Sibuga: The relationship seems to exist, but the in -
consistencies observed in Table 2 for 1988 and 1989
need further investigations.
Reuben: In our tr ials of varietal evaluation and
measurements of y ie ld components, we found a posi-
tive relation, though not significant.
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Groundnut Agronomy in Tanzania: the Importance
of Timely Harvesting of Groundnut
E.M. Kafiriti
1
Abstract
Groundnuts (Arachis hypogaea L.) is an important oilseed crop in Tanzania, grown in areas with 
altitudes varying from sea level up to 1500 m altitude. Yields have remained low (average 600 kg 
ha
-1
 of dry pods) mainly because of lack of improved seed. Past experiments have demonstrated 
yield superiority of early-maturing Spanish types over late-maturing Virginia types. However, Span-
ish types require timely harvesting because they lack seed dormancy and sprouting frequently 
occurs if harvesting is delayed. Results presented indicate that delayed harvesting of both Spanish 
and Virginia types result in losses because of factors other than sprouting. Timely harvesting is 
therefore important for both types. 
Introduction
Groundnut (Arachis hypogaea L.) is an important o i l -
seed crop grown in almost every region of Tanzania
from sea level up to 1 500 m above sea level. It is
predominantly grown by resource-poor farmers and
in association wi th cereals or cassava (Manihot es-
culenta Crantz). In mixtures, groundnut is considered
secondary to the cereal. Y ie ld levels are low; esti-
mated average yields arc 600 kg ha-1 of dry pods.
Lack of improved seed, poor agronomic practices,
and pests and diseases are among the factors causing
low yields. Farmers retain their own seed for sowing.
The seed quality is usually low, resulting in poor
yields plant-1 and insufficient plant densities.
Past research in Tanzania has demonstrated the
superiority of early-maturing Spanish over late-matu-
r ing Virginia types. This resulted in the release of a 
1. Research Agronomist, Oilseeds Research Programme, Research and Training Institute, Naliendele, P.O. Box 509, Mtwara. Tanzania.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1990. Proceedings of the Fourth Regional Groundnut Workshop for
Southern Africa. 19-23 Mar 1990, Arusha. Tanzania. Patancheru, A.P. 502 324, India: ICRISAT.
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Table L Effect of delayed harvesting on seed yield of two groundnut cultivars at Naliendele and Nachingwea, Tanzania ,
1984/85.
Variety
Nyota (Spancross)
Red Mwi tunde
SE variety mean
SE harvest t ime mean
Mean
C V ( % )
Nyota (Spancross)
Red Mwi tunde
SE variety mean
SE harvest t ime mean
Mean
C V ( % )
Seed y ie ld (t ha - 1)
Op t ima l
t ime o f
harvesting
2.037
1.070
±0.0409
±0.0647
1.554
0.995
0.469
±0.0271
±0.0437
0.732
Delay in harvesting
7 days
1.971
1.068
1.520
0.697
0.517
0.607
14 days 21 days
At Naliendele
1.671
0.942
1.306
13.1
1.576
1.098
1.337
At Nachingwea
0.651
0.336
0.494
20.5
0.847
0.349
0.598
28 days
1.548
0.941
1.245
0.766
0.323
0.545
Mean
1.761
1.024
0.791
0.399
1. O p t i m a l t ime to ma tu r i t y , i.e., fo r Nyo ta 90 days after emergence, and fo r Red M w i t u n d e 120 days after emergence.
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high-yielding Spanish cv Nyota (Spancross) for adop-
t ion. The two botanical groups (Spanish and Virginia)
differ not only in growth habit and development but
also in adaptability and management requirements.
Spanish cult ivars require better management, includ-
ing t imely sowing, correct spacing, good weed con-
t ro l , and above a l l , prompt harvesting at maturity than
other types. Spanish types lack seed dormancy and
often sprout in the field, if wet weather prevails at
maturity (Mar t in et al . 1970).
Results of earlier work suggested that t imely sow-
ing is very important for max imiz ing yields. For ex-
ample, in southeast Tanzania it is recommended that
sowing should commence w i th the onset of rains in
late December or in early January. Early-maturing
cult ivars sown dur ing this period are ready for har-
vest in late March or early A p r i l . However, in this
region the rainy season extends until late May and
sometimes l ight showers can be expected even in
early June. Therefore, harvesting takes place in con-
dit ions that may be conducive to sprouting. Consider-
Materials and Methods
The t r ia l was carr ied out dur ing the 1984/85 and
1985/86 seasons at Naliendele (10° 20'S, 40° 10'E,
a l t i tude 120 m, annual r a i n f a l l 1150 m m ) and
Nachingwea (10° 20'S, 38° 45'E, altitude 450 m, an-
nual rainfall 1100 mm). According to the FAO classi-
fication, the soils are Ferralic Arenosols at Naliendele
and Ferr ic Acr isols at Nachingwea (Bennet et al .
1979). Two cult ivars, Nyota and Red Mwi tunde, were
used at both sites. Nyota is an early-maturing Spanish
cult ivar lacking seed dormancy whereas Red M w i -
tunde is late maturing w i th a strong seed dormancy.
ing that groundnut harvesting is labor intensive and
most farmers cannot afford hired labor, t imely har-
vesting is di f f icul t to achieve.
In the 1984/85 and 1985/86 cropping seasons, a 
tr ia l was conducted to assess y ie ld losses result ing
from delayed harvesting of groundnut.
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particularly in the case of Red Mwi tunde. However,
this weather favored Nyota. Varietal differences were
observed wi th Nyota outyielding Red Mwi tunde at al l
harvest dates. Delayed harvesting decreased yields of
both cultivars at both locations. However, the magni-
tude of yield loss dif fered between the cult ivars (Fig.
1). At Naliendale, Nyota suffered losses as fol lows: a 
delay of 1 week resulted in a 65 kg ha-1 loss; 2 weeks,
360 kg ha-1; and 4 weeks, about 500 kg ha -1. A delay
of 1 week had no effect on Red Mwitunde. Delays of
2-4 weeks caused losses of about 130 kg ha -1.
Similar results were obtained at Nachingwea. A 
delay of 1 week resulted in seed loss of 300 kg ha - 1 in
Nyota. Losses in subsequent harvests were not consis-
tent. Wet soils at optimal maturity induced sprouting
and yield losses in subsequent harvests were inconsi-
stent. For Red Mwitunde, a delay of 1 week had no
effect on yield but a delay of 4 weeks caused a y ie ld
loss of 175 kg ha-1.
In the 1985/86 cropping season, varietal dif fer-
ences were significant (P < 0.001) at both sites w i th
The design used was a factorial in randomized
blocks w i th four replicates. Optimal time for harvest-
ing based on physiological maturity is 90 days after
emergence for Nyota and 120 days after emergence
for Red M w i t u n d e . Subsequent harvests were at
weekly intervals w i th the last harvest 28 days after the
optimal date of harvest for each cultivar. Both cul t i -
vars were sown in rows 50 cm apart and seeds were
spaced 10-cm apart w i th in rows. The trial was sown
on 3 Jan 1985 and 6 Jan 1986 at Naliendele, and on 4 
Feb 1985 and 1 Feb 1986 at Nachingwea. Tr iple su-
perphosphate was applied to the seedbed before sow-
ing at a rate of 40 kg P2O5 ha
-1.
Results and Discussion
Seed yields are presented in Tables 1 and 2. In the
1984/85 season, rainfal l was very erratic at both loca-
tions and at Nachingwea the tr ial was sown late. An
abrupt end of the rains in mid-Apr i l affected yields,
Table 2. Effect of delayed harvesting on seed yield of two groundnut cultivars at Naliendele and Nachingwea, Tanzania ,
1985/86.
Variety
Nyota (Spancross)
Red Mwi tunde
SE variety mean
SE harvest t ime mean
Mean
C V (%)
Nyota (Spancross)
Red Mwi tunde
SE variety mean
SE harvest t ime mean
Mean
C V (%)
Seed yield (t ha -1)
Opt imal
t ime of
harvesting
0.773
0.388
±0.0703
N S 2
0.580
1.115
0.819
±0.0515
N S 2
0.967
Delay in harvesting
7 days
0.668
0.432
0.550
1.335
0.790
1.062
14 days 21 days
At Naliendele
0.662
0.261
0.461
43.0
0.457
0.291
0.374
At Nachingwea
1.127
0.705
0.916
15
1.041
0.838
0.939
28 days
0.577
0.088
0.333
1.031
0.827
0.929
Mean
0.627
0.292
1.130
0.796
1. O p t i m a l t ime to ma tu r i t y , i.e., fo r Nyo ta 90 days after emergence, and for Red M w i t u n d e 120 days after emergence.
2. Not s ign i f icant .
Nyota outyielding Red Mwi tunde again. Y ie ld losses
because of delayed harvesting were not significant but
at Naliendele, yields of both cult ivars declined stead-
i ly w i th delays in harvest. This was more noticeable
in Red Mwi tunde than in Nyota. Delayed harvesting
at Nachingwea d id not produce consistent effects.
These results indicate that substantial y ie ld loss can
be expected if harvesting is delayed, especially when
the weather is conducive to sprouting. Sprouting of
Nyota increased wi th delayed harvest and this was
very pronounced dur ing the 1984/85 season when
harvest ing was done under cond i t ions favo r ing
sprouting. Red Mwi tunde, which exhibits strong seed
dormancy, showed y ie ld losses w i th delayed harvest-
ing caused by insect pests, such as termites and
vermin.
A l though not studied here, delayed harvesting,
particularly under moist condit ions, is l ikely to lead to
increased incidence of Aspergillus flavus infect ion
and subsequent production of aflatoxin (M ixon 1980).
Harvesting at opt imal maturity is one of the manage-
ment practices aimed at reducing the degree of fungal
invasion and aflatoxin contamination.
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Discussion
Ndunguru: How does the harvesting of groundnut
conflict w i th the harvesting of other crops in areas
near to your place of work?
Kafir i t i : Dur ing harvesting of groundnuts there is
competit ion for labor to sow crops such as cowpea,
and to weed crops such as maize, sorghum, etc.
Rao: What is your definit ion of opt imal t ime for
harvesting groundnut in layman's terms?
Kafir i t i : When pods are wel l f i l led and the inside of
the pod is dark.
Hi ldebrand: Me thod o f matur i ty determinat ion
used in Zimbabwe has been writ ten up and published
in the local agricultural press. I w i l l send copies to all
the national programs.
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Conclusion
The importance of t imely harvesting of groundnut
cannot be over-emphasized. Any y ie ld loss result ing
from delayed harvesting w i l l have a profound effect
on farmers' income. Apart f rom sprouting, other ad-
verse factors including pod rots, insect pests and ver-
m i n a t tacks are a lso accentua ted by d e l a y e d
harvesting. Therefore, t imely harvesting is not only
important when growing nondormant cultivars (e.g.,
Nyota) but is equally important in dormant cult ivars
(e.g., Red Mwi tunde) .
Figure 1. Effect of delayed harvesting on seed yield
of two groundnut cultivars at Naliendele and
Nachingwea, Tanzania, 1984/85.
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Cultivar/Location
Nyota/Naliendele
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Busolo-Bulafu: I note from your paper that Nyota
lacks seed dormancy whi le Red Mwitunde has seed
dormancy. I would therefore expect Nyota to sprout
more than Red Mwi tunde and thus lose more seed.
A n d yet your f igures show Nyota to have higher
yields even after 28 days. How do you explain this?
Kafirit i : The high yields in Nyota are inherent. On
the other hand, Red Mwitunde is attacked by birds,
vermin, etc., as it stays longer in the field after the
others have been harvested.
Moima: Wh ich is the best method of harvesting
groundnut, d igging or hand pull ing?
Kaf i r i t i : It is better to use a small hoe for the
purpose.
lsmael: Apart f rom the sprouting problem when
you delay harvesting, d id you have any practical
problem wi th the harvesting of the nuts because of
depletion and hauim rotting?
Kafirit i : It depends on soil types. These are prob-
lems wi th sandy soi l . In heavy soil , nuts can be left in
the ground but it is acceptable for farmers to d ig these
out.
Subrahmanyam: Delayed harvesting of groundnut
may predispose the pods to aflatoxin contamination.
Work done in Nigeria, USA, India, etc., strongly sup-
ports this. D id you measure the levels of aflatoxin
content in your samples?
Kafirit i : No.
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Appendixes
Recommendations of the Meeting
Chairpersons
Dr P.K. Sibale
Dr K.P. Sibuga
1. Dur ing the plenary session, the 1988 Regional
Workshop recommended the setting up of faci l i -
ties at the Regional Project for oi l-quality anal-
ysis. The meeting noted that these facilities have
not been established. SACCAR had indicated that
it would attempt to locate funding for this equip-
ment. SACCAR was urged to continue to pursue
this issue.
2. W i t h regard to financial assistance to national
programs, the meeting noted that although finan-
cial assistance had been provided to certain pro-
grams, an urgent need for assistance to conduct
research programs sti l l exists. The meeting rec-
ommended an increase in the amount of assis-
tance to be made available.
3. W i t h regard to the recommendation on training
made in 1988, the suggestion that the ICRISAT
Center in-service training be made more crop-
based was resubmitted by the meeting at the
plenary session for consideration. Notwithstand-
ing the S A D C C / G T Z scholarships made avail-
able by S A C C A R , the need for postgraduate
training st i l l remains. Dur ing the plenary session,
the meeting urged ICR ISAT and S A C C A R to
pursue the search for additional sources of funds
for postgraduate training.The meeting also noted
that the need for a guide on breeding of ground-
nut remains and requested ICR ISAT again to
consider producing such a guide.
4. On the need for increased availabil i ty of early-
maturing and drought-resistant groundnut germ-
plasm, the meeting noted the recent emphasis on
the evaluation and distribution of such material.
The meeting also noted wi th satisfaction the re-
cent devolution of the responsibil ity for 'pops '
screening to Zambia, and late leaf spot and rust
resistance screening to Swaziland.The meeting
urged the Regional Project to place emphasis on
the incorporation of seed dormancy in early-ma-
turing varieties.The meeting urged an early ap-
pointment to f i l l the vacant posit ion of plant
pathologist.
5. The meeting agreed that the venues for Work-
shops would be decided by the Steering Commit -
tee and that, when the Workshop was held away
from the Regional Project base, the contact point
would be the Director of Agricul tural Research
of the host country.
The meeting suggested that every other Work-
shop be held at the Regional Project base and that
the 1992 Workshop be held at L i longwe.
6. The meeting noted that the need for short-term
consultancies provided by ICRISAT Center, as
requested in 1988, sti l l exists. In addition there is
an urgent need for assistance to Lesotho wi th
regard to problems exper ienced in g r o w i n g
groundnuts.
7. The meeting noted that as a result of budgetary
constraints it has not been possible to fund addi-
tional research posts at present. The meeting rec-
ommended that the Steering Committee fol lows
up the 1988 recommendations and that SACCAR
looks for additional funding.
8. The meeting noted that no further progress had
been made in the establishment of aflatoxin-test-
ing facil i t ies at the Regional Project and this
recommendation is resubmitted for urgent con-
sideration.
9. The meeting noted that accommodation at the
Regional Project for visit ing scientists was sti l l an
important requirement. The meeting felt that the
Steering Committee should consider ways to
solve this problem.
10. The meeting recommended that when constraints
prevent the adoption of technology, funds should
be made available by the Regional Project to ass-
ist national programs in technology transfer.
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Rapporteurs
Dr B.J. Ndunguru
Dr P. Subrahmanyam
In the plenary session, the representative of SAC-
C A R , Dr D . M . Wanchinga, outl ined the reporting
structure of the SADCC, which calls for the forma-
tion of a Steering Committee for each Program/Pro-
ject in the region. He further outl ined the constitution
and terms of reference of the Steering Committee.
Therefore, the recommendations of this plenary ses-
sion w i l l be submitted to the Steering Committee,
when properly constituted, for due consideration. It is
hoped that this Committee, so constituted, holds its
first meeting in August 1990 in Malawi .
11. To ensure continuity of regional groundnut re-
search, the meeting recommended the appoint-
ment to the Reg iona l Pro ject o f add i t iona l
scientific staff, f rom wi th in the region, to posi-
tions intermediate between that of pr incipal sci-
entists and technical officers.
12. The meeting recommended that fellowships be
provided to al low national program scientists to
spend 1 - to 2-year periods in the Regional Project
to gain experience and to assist pr incipal scien-
tists in their programs. In addit ion, it was sug-
gested that interprogram exchange of national
scientists be facil i tated.
13. The meeting urged the Regional Project to ex-
plore, wi th SACCAR, the possibil i ty of conduct-
ing computer t ra in ing courses for groundnut
scientists and technicians of the region.
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